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(57) This invention relates to a novel microorgan- 
ism-derived enzyme having an activity to cut disaccha- 
ride glycosides (particularly, p-primeveroside and/or 
analogous disaccharide glycosides) in disaccharide 



unit, a method for producing the enzyme, a gene which 
encodes the enzyme and use of the enzyme. Various 
components can be formed by the action of this enzyme 
upon disaccharide glycosides. 
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Description 
TECHNICAL FIELD 



^0 BACKGROUND ART 

[0002] Alcoholic aromas such as geraniol, linalool, benzvf alcohol 2-nhpnvi oUr.h.^l o,^w ^ 

n!^,!il ^""y' tl^e presence of a disaccharide glycoside p-primeveroside (6-O-p-D-xylopyranosyl-B-D-qlucoDvra- 
to l^l °' ^^^9^^"^ s"^*^ as geraniol and linalool which seem 

1. «n^'".' 7' '^^"^'^'"^ "^'"^ °' "^"^^ °' '"^^ disaccharide glycoside primevero 

^0 moosT In'addS t?' t° T""' °' ^^^^ componen.s'descrlbedXe 

Sc.?? , ? '''^ P'^^^"'^^ °^ ''^^ disaccharide glycoside p-primeveroside or its analogs has 

elir" , . "T" P^y^'°'°9'-"V -'-^ substances such as pigments and pLm^acological compontnS For 
[0006? OMhe Te hlrrr" ' '^^'^f • P-P-everosidase in disaccharide unit to ?o^ alexin 

nhvS.„« ■ ^" ^"'^^ ^^"""3 ^ '° precursors of these aroma component, and 

physiologically active components in disaccharide unit has been confirmed only in a small amount in for examo'c ^ea 

^5 eaves (JP-A-8-1 40675; the term "JP-A" as used herein means an "unexamined published Japanese palnt^olia 
t.on") and almost no study on its application has been carried out. Recently, it became apparent thaf the 'on 
ofurl; r"'' """"" ''"'^ disaccahride glycoside and analogues thereof byThe action 05'^ ;:; "" 
glucosidase. In consequence, great concern has been directed toward the development of a method by whicn ..-h 

30 as teTfeave?" ^"''^'^^'^ °" ^" ^^^'^ depending on the prior art supply sources such 

DISCLOSURE OF THE INVENTION 

35 f?.°°^ • T*!^*"^ Of solving the aforementioned problems, the inventors of the present invention have conducted 
intensive studies searching for its supply source in microorganisms. That is. as a result of efforts to screen a microor- 
ganism capable of producing an enzyme having the aforementioned function from a broad range of natural sources 
we have found a microorganism which Is suitable for femientation culturing and has the ability to produce an enzyme 
having the action to cut the saccharide moiety of disaccharide glycosides such as p-primeveroside in disaccharide 
unit, and have isolated and purified said enzyme and determined nuclepfide sequence of a gene that encodes said 
enzyme. Thereafter, we have found the enzyme having the aforementioned action in a large number of microorganisms 
such as molds, yeast, bacteria and actinomycetes and thereby accomplished this invention 

[0008] Accordingly, the invention relates to a novel microorganism-derived enzyme having an enzyme activity to cut 
disaccharide glycosides, particularly p-primeveroside and/or its analogs, in disaccharide unit, a method for producing 
said enzyme, a gene which encodes said enzyme, a vector containing said gene, a transformant transformed with said 
45 vector and use of said enzyme. 

[0009] The enzynre of the present Invention is characterized In that it has an activity to release saccharides In a 
disaccharide unit from the disaccharide glycoside by acting on the disaccharide glycoside which can hardly be utilized 
as the substrate by the known glycosidase. In the present specification, the enzyme having such activity is called 
"diglycosidase". The diglycosidase of the present invention has not only the activity to act on the disaccharide glycoside 
to release the saccharides In a disaccharide unit but also cut the glycoside bonding of the monoglycoslde Moreover 
It has an activity to cut the glycoside bonding of the modified monoglycoslde (e.g., acetylglucoside, malonylglucoside' 
methylglucoside, phosphoglucoside, and amidoglucoside). 

[001 0] The microorganism-derived enzyme of the present invention which has the activity to act upon a disaccharide 
glycoside and thereby release saccharides in disaccharide unit from said disaccharide glycoside is different from the 
55 plant-denved enzyme In terms of physicochemical properties and homology of gene sequences. 
[0011] Next, the present invention is described In detail. 

[001 2] In this connection, results of the measurement of various enzyme activities carried out in the present Invention 
are shown by values obtained by the following methods unless otherwise noted. 
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(1) Disaccharide glycoside degradation activity 

[0013] Measurement of the activity was carried out using an automatic chemical analyzer (TBA-30R, manufactured 
by TOSHIBA CORP.). A 30 ^lI portion of each enzyme sample was mixed with 200 ^1 of acetate buffer solution (pH 5.5) 
5 containing 2 mM of p-nitrophenyl (pNP) primeveroside as the disaccharide glycoside substrate to carry out the reaction 
at 40°C and at a cycle time of 22.5 seconds, for 9.75 minutes, and then the reaction solution was mixed with 250 |j,l of 
sodium carbonate to measure absorbance at 412 nm. Measurement of the sample blank was carried out in the same 
manner using 20 mM acetate buffer (pH 5.5) instead of the substrate solution. 

[0014] One unit of the enzyme activity Is defined as the amount of enzyme which increases the absorbance by a 
^0 factor of 1 under these conditions. 

[0015] The pNP-primeveroside used herein can be synthesized for example by allowing pNP-glucoside (manufac- 
tured by Merck) to react with xylo-oligosaccharide (manufactured by Wake Pure Chamical Industries) using an enzyme 
xylosidase (manufactured by Sigma), thereby effecting transfer of one xylose residue to pNP-glucoside through p- 
1 ,6-bonding. 



15 



20 



(2) p-Glucosldase activity 

[0016] Measurement of the activity was carried out using an automatic chemical analyzer (TBA-30R. manufactured 
by TOSHIBA CORP.). A 10|il portion of each enzyme sample was mixed with 200 ^1 of acetate buffer solution (pH 5.5) 
containing 2 mM of p-nitrophenyl (pNP) glucoside as the substrate to carry out the reaction at 40*^0 and at a cycle time 
of 22.5 seconds, and then the reaction solution was mixed with 250 \i\ of sodium carbonate to measure absorbance 
at 412 nm. Measurement of the sample blank was can-ied out in the same manner using 20 mM acetate buffer (pH 
5.5) instead of the substrate solution. 
[0017] One unit of the enzyme activity is defined as the amount of enzyme which increases the absorbance by a 
25 factor of 1 under these conditions. 

[001 8] In order to obtain a microorganism capable of producing an enzyme having a diglycosidase activity, the present 
inventors have examined a broad range of natural sources and found that several microbial strains isolated from the 
natural world can produce an enzyme having said activity. The disaccharide glycosides analogous to p-primeveroside 
are disaccharides having glucose on the aglycon side, such as apiofuranosyl-p-D-glucopyranoside and arabinofuran- 
30 osyl-p-D-glucopyranoside. 

[0019] The diglycosidase producing microorganisms of the present invention can be screened, for example, in the 
following manner That is, a soil sample solution is inoculated into a separation liquid medium containing eugenylpri- 
meveroside or the like compound as the sole carbon source to carry out enrichment culturlng. the resulting culture 
broth is spread on a separation agar plate medium having the same composition, and the thus grown colonies are 
selected and isolated. A strain having an activity to release pNP from bypassing disaccharide (e.g., pNP-primeveroside 
or the like) can be selected by culturlng the thus isolated strains in an appropriate liquid medium. 
[0020] A diglycosidase producing microorganism can be screened from the thus selected strains using pNP-pri- 
meveroside or the like compound as the substrate and release of disaccharide as the index. 

[0021 J Main strains isolated by the present inventors were identified by examining their mycological properties in the 
light of the following references (1 ) to (3). 

References: 

[0022] 

(1) Raper. K.B. and Fennell, D.I., 1965. "The genus Aspergillus", Williams & Wilkins, Baltimore. 

(2) Kozakiewicz, Z. , 1 989. Aspergillus species on stored products. Mycological Papers, No. 1 61 , CAB International 
Mycological Institute, 

(3) Al-Musallam, A., 1980. "Revision of the black Aspergillus species", University of Utrecht. 
[0023] Mycological properties are described in the following. 
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(1) Growth condition 
Growth condition 
[0024] 

Czapek agar medium 

Colony size is 48 to 50 mm in diameter (25-C, 7 days), its surface is velutinous to powdery, hypha is white 

. Lrr^a^TmelT'^ " ''''''' '^'"'^''^ ^ to^ brown."'"' 

for„,=,°'°"^^'^^I^ '° f """" ^ ^^y^)' ^"^^'^^ velutinous powdery, hypha is white 

ZT'^7^°r,%Z 'f ."^^Jf 'y 9°°^- 9^««" t° grayish green, backside is colorless to yellowish white. Colony 
Size at 37 C (3 days) is 73 to 75 mm In diameter. Good growth even at 45''C. 

(2) Morphology 
[0025] 

Conidial heads: 

Strong columnar form, 48 to 128 ^m in length, 16 to 52 in diameter, dull green to qravlsh oreen 
Conidiophores: a / » • 

Forms from substrate mycelium, 125 to 800 ^m in length (mostly 500 ^m or less). 5 to 10 am in diameter 
straight or slight bending, smooth surface. 

Vesicles: 

Diameter from 1 0 to 25 jim, flask shape, fomis phlalide in upper 2/3. 
Metulae: 

Not formed. 
50 . Phlalides: 



20 



25 



5.6- 12x2.4* 3.2 \Lm 

Conidia: 

Diameter from 2.6 to 3.6 p.m, globose to subglobose, echinulate surface. 
Ascospores: 
Not formed. 

[0026] The above results show that the strain A belongs to the Aspergillus fumigatus group, because the conidium 
forming cells are single columnar (metula is not formed), the conidial head is cylindrical and dull green to grayish green, 
the conidia are globose and ascospore is notfonned. In addition, since the conidial head is strong columnar and does 
not form nodding appearance, the conidia have echinulate surface and most of the conidiophores are 50O ^.m or less, 
this strain is Aspergillus fumigatus. 

Identification of strains B. C and D 

[0027] 

(1) Growth condition 
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Table 1 



Medium 


item 


Strain B 


Strain C 


Strain D 


Czapek agar 
medium 


Colony diameter 
(25* C 7 davs) 


45 to 48 mm 


47 to 50 mm 


46 to 48 mm 




Colony diameter 
(25*C 14 davs^ 


80 mm or more 


80 mm or more 


80 mm or more 




Hvohae \fi\f&r 


Uclloc, Wrillc; lO 

yellow 


dense, white 


dense, white 




Formation of conldia 




good 


good 




Color of conidia 


dull grayish brown 

lO DiaCtv QlOWn 


dull grayish brown 
to black brown 


dull grayish brown to 
black brown 




BacksidG color 


Willie; Iw ycMUW 


white 


white 


Matt extract agar 
medium 


Colony diameter 
(25^C) 


to LU 9 1 11 till 


oo TO oo mm 


55 to 59 mm 




Hyphae layer 


thin and flat, 
colorless 


thin and flat, 
colorless 


thin and flat, 
colorless 




Formation of conldia 


very good 


very good 


very good 




Color of conidia 


black to black brown 


black to black brown 


black to black brown 




Backside color 


colorless 


colorless 


colorless 



(2) Morphology (Czapek agar medium) 



30 Table 2 



Item 




Strain B 


Strain C 


Strain D 


Conidial heads 


Shape 


spherical, radial, 
sometimes split into 
cylindrical form when 
matured 


spherical, radial, 
sometimes split into 
cylindrical form when 
matured 


spherical, radial, 

sometimes split into 
cylindrical form when 
matured 




Size 


120 to 560 p.ni 


150 to 500 ^im 


125 to 350 jam 




Color 


dull grayish brown to 
black brown 


dull grayish brown to 
black brown 


dull grayish brown to 
black brown 


Conidiophores 


Origin 


forms from substrate 
mycelium 


forms from substrate 
mycelium 


forms from substrate 
mycelium 




Length 


350 \im to 3 mm 


350 ^m to 3 mm 


350 ^im to 2.5 mm 




Diameter 


9 to 20|.im 


10 to 22.5 |.tm 


12 .5 to 20 |.im 




Surface 


smooth 


smooth 


smooth 


Vesicles 


Diameter 


20 to 80 \im 


15 (mostly 35) to 80 
|im 


30 to 80 \jivn 




Shape 


globose 


globose 


globose 




Metula formation 
region 


entire 


entire 


entire 
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Item 




Strain B 


Strain C 


Strain D 


Metulae 


Length 


20 to 24 ^m 


12 to 22.4 


1 2 8 to 24 urn 




Diameter 


5.6 to 7.2 \im 


4.8 to 6.8 p.m 


5.6 to 8 \xm 




Shape 


globose to 
subglobose 


globose to 
subglobose 


globose to 
subglobose 




Surface 


echinulate 


echinulate 


echinulate 


Ascospore 


not formed 


not formed 


not formed 



[0028] Based on the above results, all of the strains B, C and D belong to the Aspergillus niger qrouo because thP 

SshTS?"' '7k"' ^"'^ P^'^''^^^ conldial heads e groboTe i d 

cSS. .rff "'^'""'^^ '^"'^"'^'^ ^ °' """'^ ' ^ ^«y^ °" Czapek agar medium 'he 

con.d.al surface is echinulate (verrucose), the conidium Is globose to subglobose shape of 6 urn or less and dui rav .h 

mZV°-? conidlophore is 6 um or less, these are strains of As^rgl,lusnige!Z Tger ' ' 

[0029] The present inventors also have selected strains belonging to the genus Aspergillus from type cultures at 
random arid examined their ability to produce diglycosidase. As a result, productivity of the enzyme was also found 
for example, in Aspergillus niger IFO 4407, Aspergillus rMger lAM 2020 and Aspergillus fumigatus lAM 2046 etc In 
addition, screening of various other microorganisms was also carried out for their ability to produce diglycosidase As 
a result, the diglycosidase activity was found in various microorganisms such as those belonging to the genus /Is- 
pa,5,/^s the genus Penicillium. the genus Rhizopus. the genus Rhizomucor, the^enus ra/aror.,yce5, the genus Mor- 
rZnf ' 9^""^ Cryptococcus. the genus /W/cro6acfer/um, the genus Corynebacterium and the genus Actinoplar,es 
[0030] The strains which can be used in the present invention are not limited to the strains described above and 
any strain having diglycosidase productivity can be used. In addition, mutants of the strains having diglycosidase pro- 
ductivity, or various microorganisms or various cells (e.g., yeast cells, bacterial cells, higher plant cells and animal 
cells) modified by recombinant DNA techniques to have an ability to produce diglycosidase, in particular preferably 
those modified to produce diglycosidase in great quantity are also included in the production method which can be 
used in the present invention. When diglycosidase productivity is added by introducing a diglycosidase gene the host 
microorganism may not have the diglycosidase productivity. 

[0031] When diglycosidase is produced using the aforementioned various microorganisms, methods and conditions 
suited for the culturing of said microorganisnns can be selected, and such methods and conditions are not particularly 
limited, For example, culturing method of the aforementioned various strains may be either liquid culturing or solid 
culturing, but liquid culturing is preferably used. For example, the liquid culturing can be carried out in the following 
manner. " 

[0032] Any type of medium can be used, provided that a diglycosidase producing microorganism can be grown 
therein. For example, a medium to be used may contain carbon sources such as glucose, sucrose, gentiobiose soluble 
starch, glycerol, dextnn, molasses and organic acids, nitrogen sources such as ammonium sulfate, ammonium car- 
bonate, ammonium phosphate, ammonium acetate, peptone, yeast extract, com steep liquor, casein hydrolysate 
wheat bran and meat extract and inorganic salts such as potassium salts, magnesium salts, sodium salts, phosphates' 
manganese salts, iron salts and zinc salts. In addition, various inducers can be added to the medium in order to produce 
and accumulate diglycosidase. Examples of the inducers to be used include saccharides, preferably gentose (e g 
Gentose #80, Nihon Shokuhin Kako), gentiobiose and gentio-ollgosaccharide (e.g., Gentio-oligosaccharide Wako 
Pure Chemicals). Amount of these inducers to be added is not particularly limited, with the proviso that the amount is 
effective in increasing the productivity of diglycosidase to an intended level, but is added preferably in an amount of 
from 0.01 to 5%. f y ~. 

[0033] The medium pH is adjusted to a level of approximately from 3 to 8, preferably from about 5 to 6, and the 
cuitu nng is carried out under aerobic conditions at a culturing temperature of generally from about 1 0 to SO" C preferably 
at about SO'C. for a period of from 1 to 15 days, preferably from 4 to 7 days. Regarding the culturing method, shaking 
culture and aerobic submerged culture by a jar fermentor can be used. However, the aforementioned various culture 
conditions are optionally changed depending on the microorganisms or cells to be cultured as a matter of course, and 
such conditions are not particularly limited with the proviso that the diglycosidase of the present invention can be 
produced. 

[0034] Regarding the isolation and purification of diglycosidase from the thus obtained culture broth, purified pri- 
meverosidase can be obtained in the usual way by a combination of centrifugation. UF concentration, salting out and 
various types of chromatography such as of an ion exchange resin. 
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[0035] The culture of the aforementioned microorganism as it is can be used as the enzyme composition of the 
present invention. Of course, the culture may be purified to an appropriate degree of purification depending on the 
intended use of the present invention. 

[0036] The following further describes a gene which encodes a microorganism-derived enzyme of the present in- 
vention having the activity to act upon a disaccharide glycoside and thereby release saccharides from said disaccharide 
glycoside in disaccharide unit, a recombinant vector which contains said gene, a transformant into which said vector 
is introduced and a method for producing said enzyme using said transformant. 

[0037] As the microorganism-derived enzyme of the present Invention having the activity to act upon a disaccharide 
glycoside and thereby release saccharides from said disaccharide glycoside in disaccharide unit, all of the enzymes 
which can be obtained by the aforementioned production methods are included, in which particularly preferred one is 
a polypeptide which has the amino acid sequence of SEQ ID NO: 8 shown in.the Sequence Listing, wherein one or 
more amino acid residues of the amino acid sequence may be modified by at least one of deletion, addition, insertion 
and substitution, and more preferred one is a polypeptide which has the amino acid sequence of SEQ ID NO: 8 shown 
in the Sequence Listing. 

[0038] Examples of the gene which encodes the enzyme of the present invention include a gene which can be 
obtained from a microorganism capable of producing said enzyme by cloning of said gene and a gene which has a 
certain degree of homology with said gene. Regarding the homology, a gene having a homology of at least 50% or 
more, preferably a gene having a homology of 80% or more and more preferably a gene having a homology of 95% 
or more can be exemplified. The following polynucleotide (DNA or RNA) is desirable as the gene which encodes the 
20 enzyme of the present invention. 

[0039] A polynucleotide which comprises a polynucleotide being selected from the following polynucleotides (a) to 
(g) and encoding a polypeptide having the activity to act upon a disaccharide glycoside and thereby release saccharides 
from said disaccharide glycoside in disaccharide unit; 

25 (a) a polynucleotide which encodes a polypeptide having the amino acid sequence of SEQ ID NO: 8 shown in the 

Sequence Listing, 

(b) a polynucleotide which encodes a polypeptide having the amino acid sequence of SEQ ID NO: 8 shown in the 
Sequence Listing, wherein one or more amino acid residues of the amino acid sequence are modified by at least 
one of deletion, addition, insertion and substitution, 
30 (c) a polynucleotide which has the nucleotide sequence of SEQ ID NO: 7 shown in the Sequence Listing. 

(d) a polynucleotide which has the nucleotide sequence of SEQ ID NO: 7 shown in the Sequence Listing, wherein 
one or more bases of the nucleotide sequence are modified by at least one of deletion, addition, insertion and 
substitution, 

(e) a gene which hybridizes with any one of the aforementioned polynucleotides (a) to (d) under a stringent con- 
35 dition, 

(f) a polynucleotide which has homology with any one of the aforementioned polynucleotides (a) to (d). and 

(g) a polynucleotide which is degenerate with respect to any one of the aforementioned polynucleotides (a) to (f) . 

[0040] The gene which encodes the enzyme of the present invention can be prepared from the aforementioned 
microorganism capable of producing the enzyme of the present invention by carrying out cloning of said gene in the 
following manner. Firstly the enzyme of the present invention is isolated and purified from a microorganism capable 
of producing the enzyme of the present invention by the aforementioned method and information on its partial amino 
acid sequence is obtained. 

[0041 ] Regarding the determination method of a partial amino acid sequence, it Is effective to carry out a method in 
which purified enzyme is directly applied to an amino acid sequence analyzer (such as Protein Sequenser 476A, 
manufactured by Applied Biosystems) by Edman degradation method [J. BioL C/7en7., vol. 256, pp. 7990-7997(1981)]! 
or a method in which limited hydrolysis of the enzyme is carried out using a protein hydrolase, the thus obtained peptide 
fragments are isolated and purified and then amino acid sequences of the thus purified peptide fragments are analyzed. 
[0042] Based on the information of the thus obtained partial amino acid sequences, a gene which encodes the en- 
zyme of the present invention is cloned. In general, the cloning is carried out making use of a PGR method or a hy- 
bridization method. 

[0043] When a hybridization method is used, the method described In "Molecular Cloning, A Laboratory Manual" 
(edit, by T Maniatis et al.. Cold Spring Harbor Laboratory. 1989) may be used. 
[0044] When a PGR method Is used, the following method may be used. 

[0045] Firstly, a gene fragment of interest is obtained by carrying out PGR reaction using genomic DNA of a micro- 
organism capable of producing the enzyme of the present invention as the template and synthetic oligonucleotide 
primers designed based on the information of partial amino acid sequences. The PGR method is carried out in accord- 
ance with the method described in "PGR Technology" (edit, by Erilch H.A., Stockton Press. 1989). When nucleotide 
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invention is found in the thus determined sequences n IddiS to T.T '^""^"'^ °' ^"^^"^^ °f P^^^ent 

so that a part of the enzyme gene of interest of the p esen n^^^^^^^^ rTT't^ oligonucleotide primers. 

^ Which encodes complete enzyme of the present i veSn cLn ^e c on^ ' °^ ^ 

rO046, tiff 'r "^'"^ '"^"^ gene f;;tnra:?p'mbe ""^"'"^ ^ '"^'^^^ -'^^ 

Lraur/;:::;^;^^^^^^ 

the present invention originated from Aspergillus f^m/Ss is stol^f^^ of 
^0 encodedtherebywasdetermioedtobethes^equencTfhoSnt^^^^^^^^^ 

nucleotide sequences which correspond to the amino add LnMr„.° h '"^'^'S connection, there are countless 

nucleotide sequence shown In the SEQ ID NO 8 Tnd al'S thes. " """^ ^^^^ «■ to the 

invention. ®' ^" °' sequences are included in the scope of the present 

said polynucleotide under a stringent ^ndrtfn a ooiv^S^^^^^^^^ h h ^ S^^e which hybridizes with 

polynucleotide which Is degenerate wi^reTocUo sa^^ has homology with said polynucleotide and a 

the proviso that the polypeptides encodedSre ha:?thren ^ L^v^t; ^"^^"^ 
[0049] The term "under stringent condition" as used heret, means SSmo e tSl tT 

SSC. 1 .0% blocking agent, 0.1o/. N-laoroylsarcosine sodium Tos"/! SDS ' 

iZLeiTLrrered^r^^^^^ 

ments having high homology with the enzyl Sn^of^^^e n3"^ ^ "'^''^ hybridization, DNA frag- 

is fixed on nylon membranes and the thus nrlnlr^H n. k °'P~<^"°'"9 a" ©"^Vme of the present invention 

hybridization'solutionconTaSnr6 xsU%%rSDl%" 'd^^^^^^^^ "'-^'"^ ?| ^ P- 

-c'^P^'^elabeledwIthOapordlgoxigenlnisaddedtheretoSlC 
55 nylon membranes are washed in 6 x SSC containinn n 10/ one "^duon overnight at 68 C. The thus treated 

=yt^2ssr;— 
=teZrr:';~ 

frinr;^™ oTrpTsllnnrr ^ - - of the prese. 

[0056] Examples of the host to be used include microorganisms, animal cells and plant cells Examoles of th« mi 
55 ^^""""'^"'^ ^"^ ^'•^^^ '^^'^'^"^ belonging tthe gene^ sTc^s S,^^^^^^^ 

Zf^Iml t r""'' r^'" '° ''^^ 9^-- Sacc.a^or^yces, pJ^Lnd Ciro^^es- 

rnni:^^ ^ ^"^ '"'""'^^ """^^ "'^''^^ ""'^'^^ '^^ baculovirus expression system ""'^opus. 

[0057] Conf.miat,on of the expression and expressed product can be made easily by the use of an antibody specific 
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for the enzyme of the present invention, and the expression can also be confirmed by nneasuring the enzyme activity 
of the present invention. 

[0058] As described in the foregoing, purification of the enzyme of the present invention from the transf ormant culture 
medium can be carried out by optional combination of centrifugation, UF concentration, salting out and various types 

5 of chromatography such as of ion exchange resins. 

[0059] In addition, since the primary structure and gene structure of the enzyme of the present invention have been 
revealed by the present invention, it is possible to obtain a gene coding for the amino acid sequence wherein one or 
more amino acid residues of the amino acid sequence are modified by at least one of deletion, addition, insertion and 
substitution, by introducing random mutation or site-specific mutation using the gene of the present invention. This 

10 method renders possible preparation of a gene coding for an enzyme of the present invention which has the enzyme 
activity of the present invention but its properties such as optimum temperature, temperature stability, optimum pH, 
pH stability and substrate specificity are slightly changed, and it also renders possible production of such enzymes of 
the present invention by means of genetic engineering techniques. 

[0060] Examples of the method for introducing random mutation include a chemical DNA modification method in 
which a transition mutation is induced to convert cytosine base into uracil base by the action of sodium hydrogensulfite 
[Proceedings of the National Academy of Sciences of the USA, vol. 79, pp. 1408 - 1412 (1982)], a biochemical method 
in which base substitution is induced during the step of double strand formation in the presence of [a-S] dNTP [Gene, 
vol. 64, pp. 313 - 319 (1988)] and a PGR method in which PGR is carried out by adding manganese to the reaction 
system to decrease fidelity of the nucleotide incorporation [Analytical Biochemistry, vol. 224, pp. 347 - 353 (1995)]. 
20 [0061] Examples of the method for introducing site-specific mutation include a method in which amber mutation is 
employed [gapped duplex method; Nucleic Acids Research, vol. 12, no. 24, pp. 9441 - 9456 (1 984)], a method in which 
recognition sites of restriction enzymes are used [Analytical Biochemistry vol. 200, pp. 81 - 88 (1 992); Gene, vol. 1 02, 
pp. 67 - 70 (1991)], a method in which mutation of dut (dUTPase) and ung (uracil DNA glycosylase) is used [Kunkel 
method; Proceedings of the National Academy of Sciences of the USA, vol. 82, pp. 488 - 492 (1 985)], a method in 
25 which amber mutation is induced using DNA polymerase and DNA ligase [oiigonucleotide-dlrected dual amber (ODA) 
method: Gene, vol. 152. pp. 271 - 275 (1995); JP-A-7-289262], a method in which a host introduced with a DNA repair 
system is used (JP-A-8-70874), a method in which a protein capable of catalyzing DNA chain exchange reaction is 
used (JP-A-8-1 40685), a method in which PGR is carried out using two different primers for mutation use to which 
recognition sites of restriction enzymes are added (U.S. Patent 5,61 2,463), a method in which PGR is carried out using 
30 a double-stranded DNA vector having an inactivated drug resistance gene and two different primers [Gene. vol. 103, 
pp. 73 - 77 (1991)] and a method in which PGR is carried out making use of amber mutation (WO 98/02535). 
[0062] Also, site-specific mutation can be introduced easily by the use of commercially available kits. Examples of 
such kits include MutanC© -G (manufactured by Takara Shuzo) In which the gapped duplex method is used, Mutan® 
-K (manufactured by Takara Shuzo) in which the Kunkel method is used, Mutan® -Express Km (manufactured by 
35 Takara Shuzo) in which the ODA method is used and QuickGhange® Site-Directed Mutagenesis Kit (manufactured by 
STRATAGENE) in which primers for mutation use and Pyrococcus fuhosus DNA polymerase are used, as-well as 
TaKaRa LA PGR in vitro Mutagenesis Kit (manufactured by Takara Shuzo) and Mutan® -Super Express Km (manu- 
factured by Takara Shuzo) as kits in which PGR is used. 

[0063] Thus, the primary structure and gene structure of the enzyme of the present Invention provided by the present 
invention render possible production of an inexpensive and high purity polypeptide having the enzyme activity of the 
present invention by means of genetic engineering techniques. 

[0064] In this connection, various literature and references are cited In the specification, and all of them are Incor- 
porated herein by references. 

[0065] Next, various applications of the enzyme composition of the present invention are described. 
[0066] Diglycosidase can be used for the improvement of various components such as aromas, colors and physio- 
logically active contents of plant materials and for adjusting extraction efficiency of these components. In consequence, 
it can be used in the production of food and drinks having increased aromas and of spices, perfumes and liquid scents 
having increased aromas, and it also can be used for the early stage release of unfavorable odor by optionally using 
It during a step of the just described productions. Regarding the colors, it can be used for the improvement of hues of 
50 plant materials, food and drinks, development of colors and production of pigments. 

[0067] In addition, similar to the case of aromatic components, it can be used for the degradation and removal of 
pigment precursors which are not desirable in view of qualities, and regarding the physiological activities, it can be 
used for the increase of pharmacological components and useful physiologically active components of crude drugs, 
herbs and other plant components or degradation and removal of undesirable components. 
55 [0068] That Is, it is possible to produce the aforementioned actions by allowing the diglycosidase of the present 
invention to act upon various disaccharide glycoside components. 

[0069] In addition, the diglycosidase of the present invention may be administered with the aforementioned physio- 
logically active substance, etc. after mixing or without mixing but by simultaneously or with a short interval admlnlstra- 
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tion. in order for the physiologically active substance to be ah«nrf,<.H « , 
[0070] Examples of the materials containing dLaiLaSL olvcX ' 

those Which undergo the action of digVcosidase s^ch as foods . ^ treated by the present invention include 

chemicals and feeds, more illustratively, it can also be apol ed to the n^'i'". '^^^^ agricultural 

aromas, such as foods, toiletries, woodworks animate Droduid .r« °' Products having various 

[0071] Food anicles having aromatic corDonentrrln h! T ^'^"^ 

present invention is preferably appHed Trstrmte exam'-^^^^^^^ '° *9'ycosidase of the 

the production of oolong tea and jasrn ne tea a^^^^^^^ fhl " '^^^ "^^^ "wilting" step during 

method) and wine. Itcan alsobe used ,rr thrmaint^^^^^^^^^^ °' °' '"^'^^ tea pack by CTC 

of aromas and phamiacological effects of medicaments ' 

improvement 

method by the use of the enzyme. ' '^^ efficiently than the conventional 

[0073] Also, it is possible to produce Drecursor«i nf riica^^ho.iw^ 

iologically acive comport, prlmeje»se o,^^^^^ " " ^ P'S"""'. = P^v^- 

ana Ka<,ping quality o( these cxrio^^T^^^^J^^" °. "Of^w^e Improvemem ol the slabKv 
can ue expsclea py tnair glycpsvlalk. " *"""«"'«" mo<J«.canon pi pnarmapoloaloal ppnippnenle Ip, DOS 

are not Darticularlv limit/:.H vA/ith th« ;„»*u-*..__ . . ' ""/"^ incubated. The reaction coi 
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35 



40 



a plant 



are not particularly limited, with the proviso that the diglycosidase of thr^.nt ^ '^^"^'"""^ 
of an aroma, pigment or physiologically active com^n^fo relpli thr^^^ ''^^ P^^*^"^^*^^ 

3" component, and such conditions can be seVbWhoTe sk^ed in th I ^ °' P^y=*°'°9"=^"y ^^^'^^ 

concentration of said component can be increased " ' '"'^^ 

[0078] Also, the enzyme of the present invention can be used for increasina conrpntrati^n 

physiologically active component which is oresent in Diant« ThL il '""^^^'^ concentration of an aroma, pigment or 
Best Mode for Carrying Out the Invention 

r^i '"T''°" described further in detail in the following with reference to examples but as a matter of 
Example 1 

so in^^'" °' y^rgWus niger IFO 4407 and Aspergillus niger lAM 2020 was cultured overnight at 30-C on a 

MgSO 7H TTs7^ T""" f ""^f'""' ""■^"'^ °-^°/'> P^P^"-. 2% 9'-ose, 0.1% KHtpo,, 0.05% 

Mgt>O4-7H20, pH 5.7), the resulting culture broth In an amount of 1/100 was InoculfltPri intn a I ^ 

K1 an^d'::; "T ° ''^'"^'^^^ ° ^^^''^^^ ° Mg?o!.7H 2%ru rst^^h^'" % ed ^^^^^^ 

5.6). and cul ured for 6 days on a shaker, and then the cells were removed from the culture broth to obtain a cmde 

« [OOsr tt^resurthe .'^'^'^^^f P-9.ucosidase activity were measured 

«nH !L f . ' <="9'y<=°«'^«se activity and p-glucosidase activity in the strain IFO 4407 were 0 1 29 unit/ml 
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[0083] In accordance with Example 1 , Aspergillus fumigatus lAM 2046 was pre-cultured in the same manner and 
the resulting culture broth was inoculated into a main culture medium (2% soybean flour. 0.3% sodium chloride. 0.1 % 
KH2PO4, 0.05% MgSO^.ZHaO, 3% soluble starch, 0.5% gentose (mfd. by NIhon Shokuhin Kako), pH 5.6) and cultured 
for 4 days to obtain a crude enzyme solution. As the result, the diglycosidase activity was 0.106 unit/ml and p-glucosl- 
dase activity was 0.320 unit/ml. 

Example 3 

[0084] Using Aspergillus fumigatus lAM 2046, effects of inducers on the production of diglycosidase were examined. 
Aspergillus fumigatus I AM 2046 was cultured for 6 days In a culture medium (2% soybean flour, 0.3% sodium chloride. 
0.1% KH2PO4, 0.05% MgS04'7H20, 3% soluble starch) supplemented with 0.1% of each of various saccharides, and 
the diglycosidase activity was measured. The results are shown in Table 3. 

Table 3 



Inducers 


Inducing ability (%) 


Not added 


100 


Isomaltose 


145 


Maltotriose 


171 


Maltose 


136 


Gentose 


235 


Gentiobiose 


211 


Gentio-ohgosaccharide 


180 


Sucrose 


116 


Trehalose 


113 


Glucose 


164 


Galactose 


125 


Fructose 


143 


Rhamnose 


129 


Tulbose 


116 


Maltitol 


142 


Arabitol 


112 


Gatactrtol 


142 


Glucosamine hydrochloride 


157 



[0085] As is evident from the above table, the producing ability of diglycosidase was Increased by various saccha- 
rides. Particularly, markedly high inducing ability was found in gentose, gentiobiose and gentio-oligosaccharide. 
[0086] In addition, similar effects were also found when Aspergillus niger IFO 4407 or Aspergillus niger I AM 2020 
was used. 



50 



Example 4 



55 



[0087] Each of the crude enzyme solutions obtained in Examples 1 and 2 was concentrated using an ultrafiltration 
membrane having a molecular weight cutoff of 6,000. Next, 1 ml of the concentrated solution was mixed with 1 ml of 
a 5 mg/ml pNP-primeveroside solution which had been prepared using 20 mM phosphate buffer {pH 6.0), and the 
mixture was Incubated at 37X. Samples were collected 1, 2, 4. 24 and 48 hours thereafter to confirm release of 
primeverose by a thin layer chromatography (TLC). 

[0088] As a result, a spot was observed by TLC at the same position of a disaccharide primeverose in all of the 
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culture media of two Aspergillus niger strains described in Examole 1 and A<:n^rnHhsa ^ . ^ ^ . . ^ 
2. Such a spot was not obsen,ed in samples in which the cr^6eZyr^TcZ^^^^^^^ " 'f"''" 

same test after their heat treatment (100'C for 10 minutes) Thus t^ DresencL o?»n in J ' TT"^ 

^ p.meverose in .saccharide unit from p.P-primeverosi.e ^^::t::;::Z::^:^Z::^:^ s"^ 

Example 5 

Screening of diglycosidase in various microorganisms 
^0 a) Preparation of enzyme samples 

[0089] Each microorganism to be subjected to screening was pre-cultured and main cultured. In the case of liquid 

usS. ""T ' "^'""^^^ the resulting supernatan 

used as the enzyme sample. In the case of solid culturing. the medium after completion of the cultuhng was extrS 
with water and the resulting extract was used as the enzyme sample. cuiiuring was extracted 

LTk ^ In this connection, intracellular enzyme was also examined In the case of bacteria. In that case, the culture 
broth was centnfuged. and the thus obtained cells as the precipitate were washed with physiological saline suspended 
.n 10 times amount of 1 0 mM phosphate buffer (pH 7.0) based on the cell weight and then treated with ultrasonlT^ave 
to disrupt the cells. The disrupted suspension was centrifuged at 12.000 min'i for 20 minutes and the resulting super- 
natant was used as the intracellular enzyme sample. 

[0091] Media and culture conditions regarding the culturing are shown in Tables 1 to 5. 

Table 1 
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Liquid culturing of mold and yeast 


Pre-culture: 


Medium composition 


Yeast extract (DIFCO) 


0.2% 


Peptone (DIFCO) 


0.5% 


Glucose (Katayama Chemical) 


2.0% 


Potassium dihydrogenphosphate (Kanto Chemical) 


0.1% 


Magnesium sulfate heptahydrate (Katayama Chemical) 


0.05% 



[0092] The above composition was dissolved in purified waterand adjusted to pH 5.7 with 1 M hydrochloric acid and 
1 M sodium hydroxide. The medium was dispensed in 100 ml portions into Sakaguchi flasks and then sterilized at 
121**C for 20 minutes under 1 atmospheric pressure. 

Pre-culture: Culture conditions 

[0093] The culturing was carried out at a shaking speed of 1 40 min-^, with one loopful inoculum from a slant culture, 
for 1 day or more and at 30*»C. Regarding yeast strains, the temperature condition was set to 25*»C. 



Main culture: 


Medium composition 


Soya flower A (Nisshin) 


2.0% 


Sodium chloride (Kanto Chemical) 


0.3% 


Dipotassium hydrogenphosphate (Kanto Chemical) 


0.1% 


Magnesium sulfate heptahydrate (Katayama Chemical) 


0.05% 


Soluble starch (Wako Pure Chemical) 


3.0% 


Gentose #80 (Nihon Shokuhin Kako) 


0.5% 



[0094] The above composition was dissolved in purified water and adjusted to pH 5.6 with 1 M hydrochloric acid and 
1 M sodium hydroxide. The medium was dispensed in 100 ml portions into Sakaguchi flasks and then sterilized at 
121*'C for 20 minutes under 1 atmospheric pressure. 

[0095] The culturing was carried out using the medium both in the presence and absence of gentose #80. 
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[0096] The cultuhng was carried out at a shaking speed of 140 min-i. with 1 ml inoculum from the pre-culture broth, 
for 5 days and at 30'C. Regarding yeast strains, the temperature condition was set to 25*C. 



Table 2 



Solid culturing of mold and yeast 


Pre-culture: 


Medium composition 


High starch bran (B Ohgl, Nippon Flower Milling) 


8.3% 



[0097] The above composition was suspended in purified water, and the medium was dispensed in 9 ml portions 
into culture test tubes and then sterilized at 12rc for 20 minutes under one atmospheric pressure. 

Pre-culture: Culture conditions 

[0098] The culturing was carried out at a shaking speed of 300 min-i . with one loopful inoculum from a slant culture, 

for 1 to 2 days and at 30°C. 

20 

Main culture: Medium composition 

[0099] A 5.0 9 portion of bran was suspended in 1 .5 ml of purified water, dispensed Into 100 ml capacity conical 
flasks and then sterilized at 12rc for 20 minutes under one atmospheric pressure. 

25 

Main culture: Culture conditions 

[0100] The culturing was carried out with 1 ml inoculum from the pre-culture broth, for 3 days and at 30*C. 
Extraction 

20 

[0101 ] By adding 90 ml of tap water, extracted overnight at 8'C or below. 

35 ^able 3 Culturing of bacteria and actinomycetes 

Pre-culture: Medixim composition 
Tryptic soy broth (DIFCO) 

40 

BACTO Tryptone 
BACTO Soytone 
45 BACTO Dextrose 

Sodium chloride 
Dipotassiujn 

5^ hydrogenphosphate 0,25% J 

[0102] The above composition was dissolved in purified water, and the medium was dispensed in 100 ml portions 
into Sakaguchi flasks and then sterilized at 121 **C for 20 minutes under one atmospheric pressure. 



1 . 7% 
0.3% 
0.2% 
0.5% 



^ pH 7 . 3 ± 0 . 2 
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Pre-culture: Culture conditions 



Main culture: 


Medium composition 


Polypeptone (Japan Pharmaceutical) 


1 .0% 


Yeast extract (DIFCO) 


0.25% 


Ammonium sulfate (Wako Pure Chemical) 


0.1% 


Dipotassium hydrogenphosphate (Kanto Chemical) 


0.05% 


Magnesium sulfate heptahydrate (Katayama Chemical) 


0.025% 


Calcium chloride (Wako Pure Chemical) 


0.0001% 


Adekanol LG126 (Asahi Denka) 


0.001%. 


Gentose #80 (Nihon Shokuhin Kako) 


0.5% 



Liu'ii^tm^iSnh ''"'"^'^ "'^"^ "'j'"^^" ^ ° ^'^"^ ' ^ hydrochloric acid and 
2rc for pn r^fn ,1 H T ""^^ P""*'""^ Sakaguchi flasks and then sterilized at 

121 C for 20 minutes under one atmospheric pressure. 

[0105] The culturing was carried out using.the medium both in the presence and absence of gentose #80. 
Main culture: Culture conditions 

for ^days^and 3^3^^^^^ ""^'''^"^ """^ ^ ^^^^'""^ ^"^^^ °^ ^"^^ "^'^^ ^ ^'^'^ pre-culture broth. 



Table 4 
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Culturing of Peniciilium multicolor 


Pre-culture: 


Medium composition 


Defatted soybean "Soypro" (Hohnen Oil) 


2.0% 


Glucose (Katayama Chemical) 


3.0% 


Potassium dihydrogenphosphate (Kanto Chemical) 


0.5% 


Ammonium sulfate (Wako Pure Chemical) 


0.4% 


Dry yeast 


0.3% 


Adekanol (Asahi Denka) 


0.05% 



[0107] The above composition was dissolved In purified water, and the medium was dispensed in 100 ml portions 
into Sakaguchi flasks and then sterilized at 12rc for 20 minutes under one atmospheric pressure. 

Pre-culture: Culture conditions 

[0108] The culturing was carried out at a shaking speed of 140 mrn-i. with one loopful inoculum from a slant culture 
for 5 days or more and at 27'*C. 



Main culture: 


Medium composition 


Gentose #80 (Nihon Shokuhin Kako) 


3.0% 


Potassium dihydrogenphosphate (Kanto Chemical) 


2.0% 


Ammonium sulfate (Wako Pure Chemical) 


1.0% 


Meast P1G (Asahi Beer Food) 


3.13% 


Adekanol LG126 (Asahi Denka) 


0.05% 



[0109] The above composition was dissolved in purified water, and the medium was dispensed in 1 00 ml ponions 
into Sakaguchi flasks and then sterilized at 12rc for 20 minutes under one atmospheric pressure. 
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Main culture: Culture conditions 

[0110] The culturing was carried out at a shaking speed of 140 min-\ with 1 ml inoculum from the pre-culture broth, 
for 6 days and at 27**C. 



Table 5 



Culturing of the genus Corynebacterium 


Pre-culture: 


Medium composition 


Glucose 


0.2% 


Yeast extract 


0.1% 


Ammonium nitrate 


0.4% 


Potassium dihydrogenphosphate 


0.15% 


Sodium hydrogenphosphate dodecahydrate 


0.15% 


Magnesium sulfate heptahydrate 


0.02% 


Ferrous sulfate heptahydrate 


0.0001% 


Calcium chloride dihydrate 


0.001% 



20 [0111] The above composition was dissolved in purified water and adjusted to pH 7.0 with 1 M hydrochloric acid and 
1 M sodium hydroxide. The medium was dispensed in 1 0 ml portions into culture test tubes and then sterilized at 1 21 *»C 
for 20 minutes under one atmospheric pressure. 

Pre-culture: Culture conditions 

25 

[0112] The culturing was carried out at a shaking speed of 300 min-^ with one loopful inoculum from a slant culture, 
for 2 days and at SO'^C. 



Main cuiture: 


Medium-composition 


Eugenyl-p-primeveroslde 


0.27o 


Yeast extract 


0.1% 


Ammonium nitrate 


0.4% 


Potassium dihydrogenphosphate 


0.16% 


Sodium hydrogenphosphate dodecahydrate 


0.15% 


Magnesium sulfate heptahydrate 


0.02% 


Ferrous sulfate heptahydrate 


0.0001% 


Calcium chloride dihydrate 


0.001% 



[01 1 3] The above composition was dissolved in purified water and adjusted to pH 7.0 with 1 M hydrochloric acid and 
1 M sodium hydroxide. The medium was dispensed in 1 0 ml portions into culture test tubes and then sterilized at 1 21 *»C 
for 20 minutes under one atmospheric pressure. 

Main culture: Culture conditions 

[0114] The culturing was carried out at a shaking speed of 140 min-\ with 1 ml Inoculum from the pre-culture broth, 
for 1 day and at 30*C. 

b) Preparation of substrate solution 

[0115] pNP-p-primeveroside was dissolved in 20 mM acetate buffer (pH 5.5) to a concentration of 5 mg/ml and used 
as a substrate solution A. Eugenyl-p-primeveroslde was dissolved in 20 mM acetate buffer (pH 5.6) to a concentration 
of 10 mg/ml and used as a substrate solution B. 

c) Enzyme reaction 

[0116] ' A 1 00 IJ.I portion of the substrate solution A was put into a micro-centrifugation tube and mixed with 100 ^1 of 
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each enzyme sample to carry out 96 hours of the enzyme reaction in a water bath of ^TT Wh<.n th^ . 
•the intended time, the reaction solution was treated at lOO'C for 10 r^^nutls iHn .h '^''''^^'^ 
used as the enzyme reaction-completed solution. '° ^"^^""^ ^^^^^^'^^^ ^h'S was 

[01 17) As a comparative control of the enzyme sample, the same enzyme sample was treated at 1 oo»c for in min„t. 
before the enzyme reaction and subjected to the same reaction The LZr^^rJ . at 1 00 C for 1 0 minutes 

d) Thin layer chromatography 

\VoiLf°ul^i^^ T^^J reaction-completed solution was spotted on a thin layer of silica gel (Silica gel 60 F254 
[1.05554], Merck) and dried. This was developed twice with a developinq solvent orenarPri h» mivinn Lh? , , 

Thereafter, a color developing reagent prepared by mixing sulfuric acid and methanol a a ratio of 20 80 wLTn^rpH 
? mT^'nf Of the development, and the color was developed at 1 s^^ffabouMOr^S^^^ 

[0119] An enzyme sample by which the spot of primeverose was appeared on the thin layer after the color Ze loo 

20 e) Results of the screening of diglycosidase producing strains 

[0120] A summary of the diglycosidase producing strains found by the above evaluation method is shown in Table 6. 
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Table 6 
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Strains in which the diglycosidase production was found 


Microorganisms 


Strain names 


Mold 


Aspergillus oryzae lAM 2769 




Aspergillus niger 
lAM 2020 
IFO 4091 
IFO 9455 
lAM 2107 




Aspergillus aculeatus 




Per)iciUium rugolosum IFO 7242 




Penicillium lilacinum IFO 5350 




Per)iciliium decumbence IFO 31297 




Penicillium multicolor lAM 7153 




Phizopus oryzae JCfJ\ 5560 




Rhizomucor pusillus \AM 6122 




Rhizomucor miehei IFO 9740 




Talaromyces emersonii \fO 9747 




Mortierefia vinacea IFO 7875 


Yeast 


Cryptococcus albidus 1 AM 1 2205 


Bacteria 


Microbacterium arborescens JCM 5884 




Corynebacterium ammoniagenes IFO 12072 




Corynebacterium ammoniagenes IFO 1 261 2 




Corynebacterium glutamicum IFO 1 31 8 


Actinomycetes 


Actinoplanes missouriensis JCM 31 21 
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Example 6 

Purification of diglycosidase derived from Aspergillus fumipatus 

[0121] As the pre-culture. Aspergillus fumigatus lAIVl 2046 was inoculated into a glucose-peptone medium (0.2% 
yeast extract, 0.5% peptone, 2% glucose. 0.1% potassium dihydrogenphosphate, 0.05% magnesium sulfate, pH 5.7) 
and cultured at 30<»C for 24 hours on a shaker The pre-culture broth was inoculated in an inoculum size of 1% into the 
mam culture medium (2% Soya flower. 0.3% sodium chloride, 0.1% dipotassium hydrogenphosphate. 0.05% magne- 
sium sulfate, 3% soluble starch. 1% gentose #80, pH 5.6) and cultured at 30°C for 6 days on a shaker. 
[0122] Cells were removed from the culture broth by filter paper filtration, and 8,600 ml of the resulting filtrate was 
concentrated to 710 ml using an ultrafiltration membrane of 6,000 molecular weight cutoff (AIP-1010, mfd. by Asahi 
Chemical Industry). A 200 ml portion of the concentrated solution was centrifuged at 4«*C and at 15,000 rpm for 10 
minutes, and 192 ml of the supernatant was mixed with 55.9 g of ammonium sulfate (50% saturation) and stirred 
overnight at 4«C. This was centrifuged at 4^C and at 1 5.000 rpm for 1 0 minutes, and the thus obtained precipitate was 
dissolved in 1 0 ml of 20% saturation ammonium sulfate/20 mM phosphate buffer (pH 6.0) and centrifuged at 4'C and 
at 1 5,000 rpm for 1 0 minutes to recover the supernatant. A 9.5 ml portion of the supernatant was applied to a Phenyl 
Sepharose column (16 x 100 mm. mfd. by Pharmacia) which had been equilibrated with 20% saturation ammonium 
suIfate/20 mM phosphate buffer (pH 6.0) , and the adsorbed protein was released by an ammonium sulfate linear 
density gradient of from 20% to 0%. The active peaks were recovered, buffer-exchanged to 25 mM triethanolamlne 
buffer (pH 8.3) using 10DG column (mfd. by BIO-RAD), applied to an anion exchange Mono-P column (5 x 200 mm, 
mfd. by Pharmacia) which had been equilibrated with 25 mM triethanolamlne buffer (pH 8.3) and then eluted with 
Polybuffer (pH 5.0, mfd. by Pharmacia), and the thus adsorbed protein was released by a pH linear density gradient 
of from pH 8.3 to pH 5.0 to obtain a purified enzyme preparation of diglycosidase. An SDS-PAGE analysis confirmed 
that the enzyme was purified as a single band of 47 kDa. Also, when it was treated with Endoglycosldase H (mfd. by 
BOEHRINGER MANNHEIM), changes in the band size were not found. 

Example 7 

Physicochemical properties of diglycosidase derived from Aspergillus fumigatus 

[0123] Its optimum pH was measured in the following manner. A 400 ^1 portion of 2 mM pNP-primeveroside solution 
which had been adjusted to a respective pH value of from pH 2 to 5 with 20 mM secondary citric acid-HCI buffer was 
incubated at 37°C for 5 minutes. Next^ this was mixed with 90 |il of the enzyme solution to carry out the reaction at 
37°C for 20 minutes, The reaction was stopped by adding 500 ^1 of 0.5 M sodium carbonate solution, and the activity 
measurement was carried out by measuring the absorbance at 420 nm. As a result, it was found that its optimum pH 
was from 2.5 to 3.0. It was found that it shows sufficient activity at pH 3 which is more lower pH value than those. of 
plant-derived enzymes having similar activity 

[01 24] Its optimum temperature was measured in the following manner. A 400 \i\ portion of 2 mM pNP-primeveroside 
solution prepared using 20 mM secondary citric acid-HCI buffer (pH 2.5) was mixed with 90 [i\ of the enzyme solution 
to carry out the reaction at 30 to 65'C for 20 minutes. The reaction was stopped by adding 500 ^l of 0.5 M sodium 
carbonate solution, and the activity was determined by measuring the absorbance at 420 nm. It was found that sufficient 
activity is maintained, because diglycosidase derived from Aspergillus fumigatus has 80% of the activity even at 60*C, 
in comparison with the plant-derived enzymes having similar activity. 

[0125] Its pH stability was measured in the following manner. The purified enzyme preparation was diluted 1 00 times 
with each of secondary citrate buffer of from pH 2 to 5. phosphate buffer of from pH 6 to 8 or glycine NaCl-NaOH buffer 
of from pH 7 to 1 0 and treated at 37*'C for 1 hour, and then a 90 ^il portion thereof was mixed with 400 |il of 2 mM pNP- 
primeveroside solution (pH 2.5) which had been incubated at 37"C for 5 minutes, and the reaction was carried out at 
37*»C for 20 minutes. The reaction was stopped by adding 500 ^1 of 0.5 M sodium carbonate solution, and the activity 
measurement was carried out by measuring the absorbance at 420 nm to calculate the residual activity. As a result, 
its pH stability was 100% at pH 8 and it was stable within a range of from pH 3 to 8. It was found that this enzyme is 
stable within broader pH range in comparison with plant-derived enzymes which have similar activity and are stable 
at pH 4 to 7. 

[0126] Thermal stability of the purified preparation was examined by diluting It 100 times with 20 mM glycine NaCI- 
NaOH buffer (pH 8), treating the dilution at each temperature of from 30 to 55*»C for 1 hour and then measuring the 
residual activity. As a result, the activity was stable at a temperature of 50*»C or below. It was found that this enzyme 
was stable broader range of temperature, in comparison with plant-derived enzymes which have similar activity and 
are stable at 45*C or below. 
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Physicochemical properties of diglycosidase deri ved from oth^r mi.r»»,^ .„i.^. 
[0127] Diglycosidase samples, the production of whirh haH ho-»„ „^~f u . 

Examples, were examined for physicochemVcalDmrrttcf f ""^f^ed by the same method as described in 
= enough for practical use at pH for ess btrulXs oSmum^^^^^ " ^'f ^'"^ diglycosidase has an activity 
for practical use at 50'C or more because of i^ oo/irl^i r ^ '^"^'"^ ^'^'^ ^ '° ^' ^"^'i^'tV enough 

a. PH 3 to 8 and at SOOQ or TsS dig *° ^'^'^ ^'^^^ " 

.an.esofpHandtemperat.elncompar;so?:.sSr~^ 

Example 8 

Isolation of gene coding for the diglycosidase derived frnm ^c^.^..... ^— frrnfr r- 

a) Isolation of chromosomal DNA 

b) Deteimlnation of partial amino acid sequence 

thJ nM„f.»Zn, ^^'"''''''^ ^° detemiine the 22 residue N-temiinal amino acid sequence shown in SEO ID NO- 1 Next 
iTn I H r P^^P^^^"°" °f diglycosidase obtained in the Example was subjected to reductive caroxvlmeth 
^hrnir r ^^T"" ^"^°P^P''d«^«- The thus obtained digest was applied to a relrsrpSrseC^d 

'"'^''^"^ ^PP"^^ '° ^'^^ Protein^'equencerrdetermine t e 22 
resiaue internal ammo acid sequence shown In SEQ ID NO: 2. 

SEQ ID NO: 1 

Ala-Ala-Ser-Ala-Ser-Ala-Tyr-Cys-Ser-Asn-Ser-Ala-Gly-Asn- 
Tyr-Lys-Leu-Ser-Ser-Ile-Ala-Ala 

•- SEQ ID NO: 2 

Leu-Met-Thr-Pro^Ala-Gly-Ala-Asn-Phe-Ala-Leu-Met-Arg-His- 
Thr-Ile-Gly-Ala-Ser-Asp-Leu-Ser 

c) Preparation of DNA probe by PGR 

[0132] Based on the N-terminal amino acid sequence and internal amino acid sequence, the following four mixed 
oligonucleotides were synthesized by a DNA synthesizer and used as PGR primers 
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SEQ ID NO: 3 
Sense primer : 

5' -ACGAATTCAA(TC) (TA) (CG) IGC (TCAG) GGIAA (TC) TA{TC) AA-3' 



^0 

SEQ ID NO: 4 
Sense primer : 

5' -CGGAATTCTA(TC)TG(TC) (TA) (CG)IAA(TC) (TA) (CG) IGC (TCAG) 



SEQ ID NO: 5 

20 

Antisense primer: 

5' -TCAAGCTTGC (AG)AA(AG) TTIGC (TCAG) CCIGC ( TCAG) GG-3' 

25 



SEQ ID NO: 6 
Antisense primer: 

30 *^ 

5 ' -AGAAGCTTGCICC (TAG) ATIGT (AG) TG (TCIAG) C (TG) CAT 

[0133] Using these primers and the Aspergillus fumigatus chromosomal DNA as the template, PGR reaction was 
35 carried out under the following conditions using GeneAmp PGR System 9600 (Perkin Elmer). 



<PCR reaction solution> 


10 X PGR reaction buffer (Perkin Elmer) 


10 ^il 


dNTP mixed solution (each 2 mM, Perkin Elmer) 


10^11 


25 mM MgCl2 (Perkin Elmer) 


6 ^1 


chromosomal DNA solution (100 ng/ml) 


1 ^il 


40 p.M sense primer 


2.5^11 


40 antisense primer 


2.5^1 


sterilized water 


67.5 III 


Amplitaq Gold (5 U/|j.l, Perkin Elmer) 


0.5^1 



<PCR reaction conditions> 


Stage 1 


denaturation (95'*C, 9 minutes) 


1 cycle 


Stage 2 


denaturation (94*C, 45 seconds) 


30 cycles 




annealing (55**C, 1 minute) 






elongation (72**C, 2 minutes) 




Stage 3 


elongation (72'*C, 10 minutes) 


1 cycle 



[0134] When the thus obtained DNA fragment of about 0.27 kbp was cloned into pUC19 (TOYOBO) and then its 
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nucleotide sequence was examined, a nucleotide sequence codinq for the oartial aminn 
5 d) Preparation of gene library 

e) Screening of gene library 

,5 I°^«oc: JIlM^f I ^"^^ f^«9"^ent obtained in the aforementioned step c) was labeled using DIG-High Prime (mfd 
Z ? H ^.^''''"^'^)- ^^'"9 ^'^^^ O-^A P-t*-. the gene librae, obtained In the step d was crel'ld 

Smlinin ' T.^T.'''^' recovering phage particles from the thus obtained positive plaques a plasmid pAFPri 
StSenE ' ' ' " ""^ '^^^'^'^ accordance with the Instructfon o" 

^0 f) determination of nucleotide sequence 

[0137] A nucleotide sequence coding for the diglycosidase is shown in SEQ ID NO: 7. Also, an amino acid seauence 
encoded by the SEQ ID NO: 7 is shown in SEQ ID NO: 8. Since the N-terminal amino acid sequence (SEQ ID NO 1 ) 
and internal amino acid sequence (SEQ ID NO: 2) determined in the step b) were found in this amino acid sequence 
25 It was confirmed that this DNA fragment is a diglycosidase gene fragment. 



30 



35 



40 



45 



so 
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SEQ ID NO: 7 

gccgcctctg cttcggctta ctgttccaac tcggccggca actacaagct gtcctccatc 60 

5 

gcagctccgg ttcaaggggc cggaaacccc ggctcggaat cgacctggca attgaccgtt 120 
gacgacactt cgtccggtca caaacagacg atagttgggt tcggtgctgc tgtcactgat 180 
10 gccacggtca cctcgttcaa cactttgtcc gcctccgtgc tgcaagactt gctcaataaa 240 
ctgatgacac ctgccggggc gaactttgct ttgatgcgac atactattgg ggcttcggat 300 
ctgtccggtg acccagccta cacgtacgat gacaatggtg ggaaagcgga tccgtcactg 360 

15 

tcgggattca acctggggga ccgcggaacg gctatggcca agatgttggc aacaatgaag 420 
tctctgcagc ccaacctcaa gatcctcggc tctccctgga gtgcaccagg atggatgaag 480 
20 ctgaacgggg tccttgatgg caatacgaac aacaacaact tgaacgatgg atacctaacc 540 
agtgggggaa ccggtagtac ggggtatgcc agtcaattcg cgcagtactt tgtcaagtac 600 
attcaggcct ataagaatct cggtgctcac gtcgacgcga ttaccatcca gaacgagccg .660 

25 

ctgttcagct cagcgggcta tcccaccatg tatgtctacg attatgagtc ggcacagctg 720 
atccagaact acatcggccc cgctcttgcc agcgcggggc tagatacgga aatctgggct 780 
30 tatgaccaca acacagatgt cccgtcgtac ccccagactg tccttaacca ggccggtcag 840 
tacgtcaagt cggtggcctg gcactgctac gctcccaacg tcgactggac cgtgctcagc 900 
cagttccaca acacaaaccc tggagtgaag caatatatga ccgagtgctg gactccagca 960 
tctggcgcat ggcatcaggc ggcggacttc accatgggtc ccctgcagaa ctgggcctcg 1020 
ggagtggcag catggactct gggaaccaac gctcaggatg gtccgcatct gtccactggc 1080 
ggctgcgcga catgtcaagg cttggtgacc atcaacaacg gaggatacac gctcaacacc 1140 

40 

gcatactaca tgatggcgca attcagcaag ttcatgccgc ctggtgcgat tgtgctcaat 1200 
ggcagtggca gctacacgta ctctggcgga ggcggtatcc agtccgtggc ttccttgaat 1260 
^5 cccgatggaa cccgcactgt ggttattgaa aacacttttg gcaatgatgt ctatgtgact 1320 
gtcactatga agagcgggca gaagtggagt gggaacgccc ctagccaatc cgtgactacc 1380 
tgggttcttc catctgcttg a 1401 

so 
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SEQ ID NO: 8 



5 


A 1 o 
n 1 a 

1 


Aid oer Ala 


Ser Ala 
5 


Tyr 




1 All 


oer oer 1 1 e 
20 


A 1 n A t ^ 

Ala Ala 


Pro 


10 


U 1 U 


Ser Thr Trp 
35 


Gin Leu 


Thr 


15 


Gin 


Thr Me Va 1 
50 


Gly Phe 


Gly 
55 




Ser 
65 


Phe Asn Thr 


Leu Ser 
70 


Ala 


20 


Leu 


Met Thr Pro 


Ala Gly 

85 


Ala 




Gl y 


Ala Ser Asp 
100 


Leu Ser 


Gly 


25 


61y 


Gly Lys Ala 
115 


Asp Pro 


Ser 


30 


Gly 


Thr Ala Met 
130 . 


Ala Lys 


Met 
135 




Asn 
145 


Leu Lys i le 


Leu Gly 
150 


Ser 


35 


Leu 


Asn Gly Val 


Leu Asp 

165 : 


Gly 




ul y 


Tyr Leu Thr 
180 


Ser Gly 


Gly 


40 


Phe 


Ala Gin Tyr 
195 


Phe Val 


Lys 




Ala 


His Val Asp 
210 


Ala lie 


Thr 
215 


45 


Al a 
225 


Gly Tyr Pro 


Thr Met 
230 


Tyr 


50 


lie 


Gin Asn Tyr 


lie Gly 
245 


Pro 




Glu 


1 le Trp Ala 
260 


Tyr Asp 


His 


55 


Thr 


Val Leu Asn 
275 


Gin Ala 


Gly 



10 15 

Val Gin Gly Ala Gly Asn Pro Gly Ser 
25 30 

Val Asp Asp Thr Ser Ser Gly His Lys 
40 45 

Ala Ala Val Thr Asp Ala Thr Val Thr 
60 

Ser Val Leu Gin Asp Leu Leu Asn Lys 
75 80 

Asn Phe Ala Leu Met Arg His Thr lie 
90 95 

Asp Pro Ala Tyr Thr Tyr Asp Asp Asn 

105 no 

Leu Ser Gly Phe Asn Leu Gly Asp Arg 
120 125 

Leu Ala Thr Met Lys Ser Leu Gin Pro 
140 

Pro Trp Ser Ala Pro Gly Trp Met Lys 

155 160 

Asn Thr Asn Asn Asn Asn Leu Asn Asp 

170 - 175 ^ 

Thr Gly Ser Thr Gly Tyr Ala Ser Gin 
185 190 

Tyr lie Gin Ala Tyr Lys Asn Leu Gly 
200 205 

He Gin Asn Glu Pro Leu Phe Ser Ser 
220 

Val Tyr Asp Tyr Glu Ser Ala Gin Leu 

235 240 

Ala Leu Ala Ser Ala Gly Leu Asp Thr 
250 255 

Asn Thr Asp Val Pro Ser Tyr Pro Gin 
265 270 

Gin Tyr Val Lys Ser Val Ala Trp His 
280. 285 
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Cys Tyr Ala Pro Asn Val Asp Trp Thr Val Leu Ser Gin Phe His Asn 
290 295 300 

Thr Asn Pro Gly Val Lys Gin Tyr Met Thr 6lu Cys Trp Thr Pro Ala 
305 310 315 320 

Ser Gly Ala Trp His Gin Ala Ala Asp Phe Thr Met Gly Pro Leu Gin 

325 330 335 . 

Asn Trp Ala Ser Gly Val Ala Ala Trp Thr Leu Gly Thr Asn Ala Gin 
340 345 350 

Asp Gly Pro His Leu Ser Thr Gly Gly Cys Ala Thr Cys Gin Gly Leu 
355 360 365 

Val Thr lie Asn Asn Gly.Gly Tyr Thr Leu Asn Thr Ala Tyr Tyr Met 
370 375 380 

Met Ala Gin Phe Ser Lys Phe Met Pro Pro Gly Ala lie Val Leu Asn 
385 390 395 400 

Gly Ser Gly Ser Tyr Thr Tyr Ser Gly Gly Gly Gly lie 6ln Ser Val 
405 410 415 

Ala Ser Leu Asn Pro Asp Gly Thr Arg Thr Val Val He Glu Asn Thr 
420 425 430 

Phe Gly Asn Asp Val Tyr Val Thr Val Thr Met Lys Ser Gly Gin Lys 
435 440 445 

Trp Ser Gly Asn Ala Pro Ser Gin Ser Val Thr Thr Trp Val Leu Pro 
4oO 455 

Ser Ala 
465 



[0138] The open reading frame of this gene is shown in SEQ ID NO: 9. As shown in SEQ ID NO: 10, the entire portion 
is coded as a preprotein of 488 amino acids, of which the N-terminal 22 residues are assumed to be the pre-region 
and the remaining 466 residues correspond to the mature protein (cf . SEQ ID NO: 8). 

[0139] The invention is not only particularly limited to a polypeptide having an activity to act upon a disaccharide 
glycoside to release saccharides from the disaccharide glycoside in disaccharide unit and a nucleotide wrhich encodes 
the same, but also Includes a more longer polypeptide comprising the former polypeptide (e.g., precursor) and a nu- 
cleotide which encodes the same. 
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SEQ ID NO: 9 

ggcgacacca gaaagcaacc aagagcacga cacggactta tttctctttg aca atg 

Met 

cgt ata tct Etc ggt get ctg ctt ggc ttg aca gcc ctg aet cat ecc 
Arg lie Ser Val Gly Ala Leu Leu 6ly LeS Thr Ala ill IS His Ala 
-^0 -]5 _]o 

aca aca gag aaa cga gcc gcc tct get teg get tac tgt tee aac teg 
Thr Thr 6lu Lys Arg Ala Ala Ser Ala Ser Ala Tyr Cys Ser Asn Ser 
-11 5 10 

gcc ggc aac tac aag ctg tec tec ate gea get ccg gtt caa ggg gcc 
Ala Gly Asn Tyr Lys Leu Ser Ser He Ala Ala Pro Val 6ln Gly Ala 
15 20 25 

gga aac ccc ggc teg gaa teg ace tgg caa ttg ace gtt gac eac act 
Gly Asn Pro Gly Ser Glu Ser Thr Trp Gin Leu Thr Val Asp If? Thr 
30 35 40 

teg tec ggt cac aaa eag acg ata gtt ggg ttc get ect ect etr art 
Ser Ser Gly His Lys Gin Thr Me Val Gly Phe G\l Ala Ala Val Thf 
45 50 55 

gat gcc acg gtc acc tog ttc aac act ttg toe gcc tec gtg ctg caa 
Asp Ala Thr Val Thr Ser Phe Asn Thr Leu Ser Ala Ser Val Leu Gin 
60 65 70 75 

gac ttg etc aat aaa ctg atg aca cct gcc ggg gcg aac ttt get tte 
Asp Leu Leu Asn Lys Leu Met Thr Pro Ala Gly Ala Asn Phe Ala Leu 
80 85 90 

ulf 5f! S-^ P?^ f?^ o""^ i^'^ egt gac cca gee tac 

Met Arg His Thr lie Gly Ala Ser Asp Leu Ser Gly Asp Pro Ala Tyr 
95 100 105 

acg tac gat gac aat ggt ggg aaa gcg gat ccg tea ctg teg gga ttc 
Thr Tyr Asp Asp Asn Gly Gly Lys Ala Asp Pro Ser Leu Ser Gly Phe 
110 115 120 

aac ctg ggg gac cgc gga acg get atg gcc aag atg ttg gea aca atg 
Asn Leu Gly Asp Arg Gly Thr Ala Met Ala Lys Wet Leu Ala Thr Met 
125 130 135 

aag tct ctg eag ccc aac etc aag ate etc ggc tct ccc tgg agt gea 
Lys Ser Leu Gin Pro Asn Leu Lys lie Leu Gly Ser Pro Trp Ser Ala 
140 145 150 155 

cca gga tgg atg aag ctg aac ggg gtc ctt gat ggc aat acg aac aac 
Pro Gly Trp Met Lys Leu Asn Gly Val Leu Asp Gly Asn Thr Asn Asn 
160 165 170 

aac aac ttg aac gat gga tac eta acc agt ggg gga acc ggt agt acg 
Asn Asn Leu Asn Asp Gly Tyr Leu Thr Ser Gly Gly Thr Gly Ser Thr 
175 180 185 
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ggg tat gcc agt caa ttc gcg cag tac ttt gtc aag tac att cag gcc 728 

Gly Tyr Ala Ser Gin Phe Ala Gin Tyr Phe Val Lys Tyr lie Gin Ala 
190 195 200 

tat aag aat etc ggt get cac gtc gac gcg att acc ate cag aac gag 776 

Tyr Lys Asn Leu Gly Ala His Val Asp Ala lie Thr Me Gin Asn Glu 
205 210 215 

ccg ctg ttc age tea gcg ggc tat ecc acc atg tat gtc tac gat tat 824 

Pro Leu Phe Ser Ser Ala Gly Tyr Pro Thr Met Tyr Val Tyr Asp Tyr 

220 225 230 235 

15 gag teg gca cag ctg ate cag aac tac ate ggc ccc get ett gcc age 872 

Glu Ser Ala Gin Leu lie Gin Asn Tyr lie Gly Pro Ala Leu Ala Ser 
240 245 250 

gcg ggg eta gat acg gaa ate tgg get tat gac cac aac aca gat gtc 920 

20 Ala Gly Leu Asp Thr Glu lie Trp Ala Tyr Asp His Asn Thr Asp Val 

255 260 265 

ccg teg tac ccc cag act gtc ctt aac cag gcc ggt cag tac gtc aag 968 

Pro Ser Tyr Pro Gin Thr Val Leu Asn Gin Ala Gly Gin Tyr Val Lys 

35 270 275 280 

teg gtg gcc tgg cac tge tac get ccc aac gtc gae tgg acc gtg etc 1016 

Ser Val Ala Trp His Cys Tyr Ala Pro Asn Val Asp Trp Thr. Val Leu 
285 290 295 

age cag ttc cac aac aca aac cot gga gtg aag caa tat atg acc gag 1064 

Ser Gin Phe His Asn Thr Asn Pro Gly Val Lys Gin Tyr Met Thr Glu 

300 305 310 315 

tge tgg act cea gca tot ggc gca tgg cat cag gcg gcg gac ttc ace 1112 

Cys TrpThr Pro Ala Ser Gly Ala Trp His Gin Ala Ala Asp Phe Thr 
320 325 330 

atg ggt ccc ctg cag aac tgg gcc teg gga gtg gca gca tgg act ctg 1160 

Met Gly Pro Leu Gin Asn Trp Ala Ser Gly Val Ala Ala Trp Thr Leu 
335 340 345 

gga aec aac get cag gat ggt ccg cat ctg tec act ggc ggc tge gcg 1Z08 

Gly Thr Asn Ala Gin Asp Gly Pro His Leu Ser Thr Gly Gly Cys Ala 
350 355 360 

aca tgt caa ggc ttg gtg ace ate aac aac gga gga tac acg etc aac 1256 

Thr Cys Gin Gly Leu Val Thr He Asn Asn Gly Gly Tyr Thr Leu Asn 
365 370 375 

'0 acc gca tac tac atg atg gcg caa ttc age aag ttc atg ccg cct ggt 1304 

Thr Ala Tyr Tyr Met Met Ala Gin Phe Ser Lys Phe Met Pro Pro Gly 

380 385 390 395 

gcg att gtg etc aat gge agt gge age tac acg tac tet ggc gga ggc 1352 

55 Ala lie Val Leu Asn Gly Ser Gly Ser Tyr Thr Tyr Ser Gly Gly Giv 

400 405 410 
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ggt ate cag tec gtg get tec ttg aat ccc gat gga acc cgc act gtg 1400 
Gly lie Gin Ser Val Ala Ser Leu Asn Pro Asp 6jy Thr Are Thr Val 
415 420 425 

gtt att gaa aac act ttt ggc aat gat gtc tat gtg act gtc act ate 1448 
Val lie Glu Asn Thr Phe Gly Asn Asp Val Tyr Val Thr Val Thr Met 
430 435 440 

aag age ggg cag aag tgg agt ggg aac gcc cct age caa tec gtg act 1496 
Lys Ser Gly Gin Lys Trp Ser Gly Asn Ala Pro Ser Gin Ser Val Thr 
445 450 455 

acc tgg gtt ctt cca tct get tga aaagagtgta gtttcagatg gttagatatg 1550 
Thr Trp Val Leu Pro Ser Ala 
460 465 

tattgaagag tagcgcttgg agacatcaat agcctttttc taattaeatg tcgtgcagct 1610 
teeaaaaaaa aaaaaaaaaa aaaaaaaaaa aactcga ^647 

SEQ ID NO: 10 

Met Arg lie Ser Val Gly Ala Leu Leu Qly Leu Thr Ala Leu Ser His 
1 . 5 10 15 

Ala Thr Thr Glu Lys Arg Ala Ala Ser Ala Ser Ala Tyr Cys Ser Asn 
20 25 30 

Ser Ala Gly Asn Tyr Lys Leu Ser Ser Me Ala Ala Pro Val Gin Gly 
35 40 45 

Ala Gly Asn Pro Gly Ser Glu Ser Thr Trp Gin Leu Thr Val Asp Asp 
50 55 60 

Thr Ser Ser Gly His Lys Gin Thr Me Val Gly Phe Gly Ala Ala Val 
65 70 75 80 

Thr Asp Ala Thr Val Thr Ser Phe Asn Thr Leu Ser Ala Ser Val Leu 
85 90 95 

6ln Asp Leu Leu Asn Lys Leu Met Thr Pro Ala Gly Ala Asn Phe Ala 
100 105 110 

Leu Met Arg His Thr Me Gly Ala Ser Asp Leu Ser Gly Asp Pro Ala 

115 120 125 

Tyr Thr Tyr Asp Asp Asn Gly Gly Lys Ala Asp Pro Ser Leu Ser Gly 
130 135 140 

Phe Asn Leu Gly Asp Arg Gly Thr Ala Met Ala Lys Met Leu Ala Thr 
145 150 155 160 

Met Lys Ser Leu 6ln Pro Asn Leu Lys Me Leu Gly Ser Pro Trp Ser 
165 170 175 

Ala Pro Gly Trp Met Lys Leu Asn 6ly Val Leu Asp Gly Asn Thr Asn 
180 185 190 
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Asn Asn Asn Leu Asn Asp 61 y Tyr Leu Thr Ser 61 y 6ly Thr 61 y Ser 
195 200 205 

Thr 61^ Tyr Ala Ser Gin Phe Ala Gin Tyr Phe Va^ Lys Tyr lie Gin 

Ala Tyr Lys Asn Leu Gly Ala His Val Asp Ala lie Thr lie Gin Asn 
225 230 235 240 

61 u Pro Leu Phe Ser Ser Ala Gly Tyr Pro Thr Met Tyr Val Tyr Asp 
245 250 255 



Tyr Glu Ser Ala Gin Leu lie Gin Asn Tyr lie Gly Pro Ala Leu Ala 
260 265 270 

Ser Ala Gly Leu Asp Thr Glu lie Trp Ala Tyr Asp His Asn Thr Asp 
275 280 285 

Val Pro Ser Tyr Pro Gin Thr Val Leu Asn Gin Ala Gly Gin Tyr Val 
290 295 300 

Lvs Ser Val Ala Trp His Cys Tyr Ala Pro Asn Val Asp Trp Thr Val 
305 310 315 • 320 

Leu Ser Gin Phe His Asn Thr Asn Pro Gly Val Lys Gin Tyr Met Thr 
325 330 335 

Glu Cys Trp Thr Pro Ala Ser Gly Ala Trp His Gin Ala Ala Asp Phe 
340 345 350 

Thr Met Gly Pro Leu 6In Asn Trp Ala Ser Gly Val Ala Ala Trp Thr 
355 360 365 

Leu Gly Thr Asn Ala Gin Asp Gly Pro His Leu Ser Thr Gly Gly Cys 
370 375 380 

Ala Thr Cys Gin Gly Leu Val Thr lie Asn Asn Gly Gly Tyr Thr Leu 
385 390 395 400 

Asn Thr Ala Tyr Tvr Met Met Ala 61 n Phe Ser Lys Phe Met Pro Pro 
405 410 415 

Gly Ala lie Val Leu Asn Gly Ser Gly Ser Tyr Thr Tyr Ser Gly Gly 
420 425 430 

Gly Gly lie Gin Ser Val Ala Ser Leu Asn Pro Asp Gly Thr Are Thr 
435 440 445 



Val Val Me Glu Asn Thr Phe Gly Asn Asp Val Tyr Val Thr Val Thr 

450 455 460 

Met Lys Ser Gly Gin Lys Trp Ser Gly Asn Ala Pro Ser Gin Ser Val 

465 470 475 4Rn 



Thr Thr Trp Val Leu Pro Ser Ala 
485 
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Example 9 

Confirmation of th e expression of B-primeverosidase in mold 
5 a) Construction of expression cassette 

Z2allZT/nlL"ulT:'7 °' " v! '"^^ primeverosidase gene, expression of the thus obtained 
A N^nfcl P i K K ^^Aspergillus oryzae Taka-amylase gene-containing plasmid pTG-Taa (Kato M Aoyama 
A Naruse F, Kobayash, T and Tsukagoshi N (1997). An Aspergillus nidulans nuclear protein An CP involved in en 
hancenr^ent of Taka-amylase A gene expression binds to the CCAAT-containing taaG2. amdS and ga^ promo ers 
/Wo/.Gea6ene^254:119-126)asthetemplate.afragmentwasobtainedbyampi»yingibyPCRusin?rpL^^^^^^ 



10 



15 



20 



SEQ ID NO: 10 

sense primer: . 

5' -GGGCCTGCAGGAATTCATGGTGTT-3^ 
and a primer TP3' 
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SEQ ID NO: 11 
an'tisense primer: 

5' -CGAGCCGGGGTTTCCGTCCGCAGGCGTTGC-3' 



30 



35 



<PCR reaction solution> 


template DNA solution (50 jig/ml) 


1 Hi 


50 \iM sense primer 


1 Hi 


50 p.M antisense primer 


^v^ 


sterilized water 


22 III 


Premix Taq (EX Taq Version TaKaRa) 


23 jil 



40 



<PCR reaction conditions> 


Stage 1 


1 denaturation (95*»C, 1 minute) 


1 cycle 


Stage 2 


1 denaturation (95**C, 1 minute) 


30 cycles 




annealing (65**C, 1 minute) 






elongation (72*C, 1 minute) 




Stage 3 


elongation (72*C, 5 minutes) 


1 cycle 



so 



[0141] Also, a fragment was obtained by amplifying it by PCR using the DNA-containing plasmid pAFPri as the 
template and using a primer dPC5' 
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SEQ ID NO: 12 
sense primer: 

5' -GCAACGCCTGCGGACGGAAACCCCGGCTCG-3' 
and a primer PCS' 

SEQ ID NO: 13 

antisense primer: 

5' -GCGCAAGCTTGGAAGCTGCACGACATGTAA-3' 



[0142] In addition, after recovering and mixing respective fragments, a fragment was obtained by amplifying it by 
PGR using the primer TAA5' and primer PC3'. This fragment contains a sequence corresponding to a region of from 

20 the Aspergillus oryzae Taka-amylase promoter to the N-terminal 5th amino acid of the mature protein and a sequence 
corresponding to a region of from the N-temninal 28th amino acid (glycine) to the C-terminal of the mature p-primeverosi- 
dase protein. An SseQ3B7\ site has been introduced into the upstream of the thus obtained fragment, and a H//?dlll site 
into its downstream. The fragment was recovered by treating with restriction enzymes Sse&3&7\ and H/ndltl. 
[0143] Regarding the terminator region, a fragment was obtained by amplifying it by PGR using pTG-Taa as the 

25 template and using a primer TAAH 



SEQ ID NO: 14 
sense primer: 

S' -GCGCAAGCTTTGAAGGGTGGAGAGT-3' 
and a primer TAA3' 



SEQ ID NO: 15 

an ti sense primer: 

5 ' -GCGCCCTGCAGGTCTAGAATTCCTAGTGGTT-3 ' 

[0144] A HindWl site has been introduced into the upstream of the thus obtained fragment, and an Sse8387l site into 
its downstream. The fragment was recovered by treating with restriction enzymes H/ndlll and Sse8387l. 
[0145] A plasmid pTG1 containing orolidine-5*-phosphate decarboxylase gene (pyr4) as a marker gene (Kato M 
(1997), MoL Gen. Genet., 254: 119 - 126) was treated with the restriction enzyme Sse8387l and with alkaline phos- 
phatase and then recovered. Plasmids pAFPriEl (fonward direction to the direction of the marker gene) and pAFPriE2 
(reverse direction) were obtained by connecting these 3 fragments. 

b) Acquisition of transformant 

[0146] An orotidine-5'-phosphate decartoxylase (pyrG) producing strain Aspergillus nidulansG^9^ (Kato M (1997), 
Mel. Gen. Genet. . 254: 11 9 - 1 26) was inoculated into a complete medium (2% malt extract, 0.1 % peptone, 2% glucose, 
0.1% uridine, 2 ng/ml p-aminobenzoic acid, pH 6.5) and cultured at 30*»C for 18 hours on a shaker. The cells were 
collected by filtration, suspended in a protoplast solution (0.8 M NaCI. 10 mM NaH2P04. 20 mM CaCla. 3.75 mg/ml 
Novozyme 234) and then treated at 30*»C for 1 hour on a shaker. The resulting protoplasts were recovered by filtration 
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and centrifuged at 1 ,500 rpm for 5 minutes to obtain the protoplasts as the orecioitate Thi« nr«^i«it=,» 

m 0 8 M NaCI/50 mM CaCIs solution and centrifuged at 1 ,500 rpm for 5 minutes to collect the precipitate A DrotoD[ast 

so ution was obtained by suspending this in an appropriate amount of 0.8 M NaCI/50 mrCaCrsS on^^^^^^^^ 

of this protoplast solution was mixed with 20 ^g of a DNA solution and 12.5 ^ of a PEG solut^n (25% PeSoo/50 

Tnd fh'en ' '^^ '° ''''' - Next 0.?^ ofpEG ^a adde^ 

and then the mixture was allowed to stand for 5 minutes on ice. Next, 1 ml of 0.8 M NaCI/50 mM CaCU soTu 'on was 
added and mixed. A 0.5 ml portion of this mixed solution was mixed with 15 ml of 2% agar-containinq reqe^e aXn 
medium 0.6% NaNO,. 11 mM KH^PO,. 7 mM KCI. 1.2 M so*itol, 0.05% MgSO,.7H20 r/ g^?cose 2 SmI p am, 
TcToTs d'ys.'" '-'^ " ^'^^^"^^^ ''''''''' ditht and .hei'c^lu'red ai 
[0147] This was carried out on the plasmid DNA of each of pTG1, pAFPriEl and pAFPnE2 

[0148] Colonies formed on the plates were Isolated by single spore separation. A total of 15 transformant strains 
were obtained from pTGI. and 23 strains from pAFPhEl and 13 strains from pAFPriE2. ^^^'^^^^^^"^ strains 



c) Evaluation of transformants 

[0149] Evaluation of transfomiants was carried out on 8 strains obtained from pTGI . 1 8 strains from pAFPrlEI and 
12 strains from pAFPriE2. Each transfomiant was inoculated into an enzyme production confirming medium (1% 
polypeptone, 0.5% KH^PO,. 0.1% NaNOa. 0.05% MgSO^^/H^O. 2% maltose. 4 ^xg/ml p-amlnobenzoic acid. 01% 
trace element solution) (Core DJ.. Biochem., Biophys. Acta^ 1996, vol.. 113. pp. 51 - 56) and cultured at 30»C for 96 
hours on a shaker. The culture broths were sampled after 48, 72, and 96 hours and filtered, and the resulting filtrates 
were checked for the activity. The enzyme activity was not found in the transformants obtained from pTGI and pAFPri E2 
but the enzyme activity was confirmed in 5 transformant strains obtained from pAFPriEl . 

Example 10 

Comparison with plant gene by a hybridization method 

[0150] Using the gene of an enzyme similar to the tea-derived diglycosidase as the probe, an examination was 
carried out to know if a gene having a similar structure is present on the chromosome of the microorganisms in which 
the presence of diglycosidase had been confirmed by us. Preparation of gene fragment of an enzyme similar to the 
tea-derived diglycosidase was earned out with reference to the report by Sakata. Mtzutani et al. (The 73rd Annual 
Meeting of Agricultural Chemical Society of Japan) and Japanese Patent Application No. Hei. 11-56299. 
[01 51 ] Preparation of microorganism-derived chromosome was carried out in the following manner. 
[01 52] Preparation of chromosomes from yeast and fungi was carried out in accordance with the method described 
in Molecular and Cellular Biology Vol, 3, pp. 1430 - 1439 (1983). Preparation of chromosomal DNA from bacteria was 
carried out in accordance with the method of Saito and Mitsuura {Biochim. Biophys. Acta, Vol. 72, pp. 61 9 - 629, 1 963). 
Preparation of chromosomal DNA from actinomycetes was carried out in accordance with the method of lefuji et al 
(Biosci. Biotec. Biochem., Vol. 60, pp. 1331 - 1338, 1996). 

[01 53] A 1 0 [ig portion of each of the thus obtained various chromosomal DNA preparations was digested with BamHl 
in the case of Aspergillus fumigatus, Aspergillus oryzae, Aspergillus niger, Aspergillus aculaetus, Penicillium tilacinum, 
Per)icillium decumbence, Penicillium multicolan Talaromyces emersonii, Mortierella vinacea, Cryptococcus albidus, 
Corynebacterium ammonia genes, Corynebactertum glutamicum, Microbacterium arborescens and Penicillium rugo- 
losum, or with EcoRI in the case of Rhizopus oryzae. Rhizomucor pusillus, Rhizomucorm\ehe\ and Actinoplanes mis- 
souriensis, and the resulting digest was applied to a 1% agarose gel electrophoresis. As a control, the gene fragment 
of an enzyme similar to the tea-derived diglycosidase used as the probe was also subjected to the same gel electro- 
phoresis. After the electrophoresis, DNA samples were blotted on a nylon membrane and hybridization was carried 
out using a labeled gene fragment p of an enzyme similar to the tea-derived diglycosidase (structural gene moiety of 
matured plant primeverosidase gene) as the probe, using DIG System Kit (Boehringer Mannheim) in accordance with 
the instmctlon attached thereto. As a result, when the detection was carried out under hybridization conditions (5 x 
SSC, 1% blocking agent, 0.1% N-lauroylsarcosine sodium, 0.02% SDS, 68°C, overnight) and washing conditions (6 
X SSC, 0.1% SDS, room temperature, 5 min. x 2 and 6 x SSC. 0.1% SDS, 45''C, 15 min. x 2). a signal was obtained 
at a position where the plant gene was blotted, but the signal was not observed at any other position where the micro- 
organism-derived genome was blotted. Thus, it is considered that the microorganism-derived diglycosidase gene has 
a structure which is different from the plant primeverosidase gene. 

[0154] On the other hand, using the Aspergillus fumigatus lAM 2020 diglycosidase gene of the invention obtained 
in Example 8 as the probe, an examination was carried out by the same methods and conditions to know if a gene 
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having a similar structure is present on the chromosome of the microorganisms in which the presence of diglycosidase 
had been confirmed by us. As a result, the signal was detected in these microorganisms. 

[0155] In addition, It was able to detect the signal in Aspergillus oryzae, Aspergillus nigen Aspergillus acu/eatus, 
Penicillium multicotar, Penicillium lilacinum. Corynebacterium ammonia genes and Corynebacterium glutamicum, even 
5 under more stringent washing condittons (5 x SSC. room temperature, 10 min. and 4 x SSC, 68**C. 30 min.). 

Example 11 

Activity of the diglycosidase to hydrolyze isoflavone in isodavone glycosides 



[0156] As shown In the following table, glucosldes and modified glycosides of acetylglucosides and malonylgluco- 
sides, are present in isoflavone glycosides. The activity of diglycosidase to hydrolyze the acetyl type and malonyl type 
glucosides, namely the aglycon releasing activity, was examined. 



IS 



Isoflavone 


M. wt. 


Ri 


R2 


R3 


Concentration 


Glycitin 


446.4 


H 


OCH3 


H 


2 mM 


Genistin 


432 A 


OH 


H 


H 


2 mM 


Daidzin 


416.4 


H 


H 


H 


2 mM 


Acetylglycitin 


458.4 


H 


OCH3 


COCH3 


2 mM 


Acetylgenistin 


474.7 


OH 


H 


COCH3 


2 mM 


Acetyldaidzin 


458.4 


H 


H 


COCH3 


2 mM 


Malonylglycitin 


502.4 


H 


OCH3 


COCHgCOOH 


2 mM 


Malonylgenlstln 


618.4 


OH 


H 


COCH2COOH 


2 mM 


Malonyldaidzin 


502.4 


H 


H 


COCH2COOH 


2 mM 



R- to R3 correspond to the following structural fonnula. 

30 



35 



40 




[0157] Each of acetylglycitin, acetylgenistin, acetyldaidzin, malonylglycitin, malonylgenlstln and malonyldaidzin (pro- 
^3 duced by Fujicco, available from Nakalai Tesque) was allowed to react with a diglycosidase enzyme solution prepared 
from Asp. fumigatus or Pen. multicolaror with an almond-derived glucosidase (mfd. by Sigma) under the following 
conditions. 

[0158] Each of the enzymes was diluted with 20 mM acetate buffer (pH 4.0) to adjust Its activity to 1 .88 AU/ml, and 
then 2 mM of each isoflavone (1 2.5 ^il). 20 mM of acetate buffer (87.5 ^ll) and each enzyme solution (25 ^il) were mixed 
to carry out the reaction at 55^*0. After 1 , 3 and 6 hours of the reaction, samples were taken out in 25 [il portions, and 
each of the samples was mixed with 75 |il of methanol and 900 |il of water, filtered through a filter (0.2 [im) and then 
further diluted 2.5 times with water. A 1 ml portion thereof was analyzed by HPLC (HPLC conditions; column: CDS 
80TM (Tosch), eluent: a mixed solution of acetonilrile and 10% acetic acid, separation under linear density gradient). 
[01 59] As a result, It was revealed that the glucosidase (Sigma) hardly hydrolyzed the modified glucoside substrates, 
53 but both diglycosidase enzymes hydrolyzed all of the modified glucosides efficiently and released the aglycon. 
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Example 12 

Preparation of an aroma component precursor, eugenyl primeveroside 

5 [0160] A 2 kg portion of fresh leaves of Cameliia sasanqua were extracted with hot water at 1 00»C for 1 0 minutes 
and the extract was applied to a column packed with Diaion HP20 (mfd. by Mitsubishi Chemical) to adsorb eugenyl 
pnmeveroside thereon. The column was washed with about 2 times the bed volume of deionized water and 20% 
methanol and then the adsorbed eugenyl primeveroside was eluted with 1 00% methanol. Thereafter, the thus recovered 
methanol solution containing eugenyl primeveroside was concentrated to crystallize eugenyl primeveroside which was 

10 then recovered using a glass filter. 

[0161] A 1 ml portion of the crude enzyme concentrate obtained in Example 4 was mixed with 1 ml of the eugenyl 
pnmeveroside solution adjusted to 5 mg/ml with 20 mM phosphate buffer (pH 6.0), the mixture was incubated at 37»C 
for 24 hours and then the formation of aroma was examined by a sensory test (1 0 panel). As a result formation of the 
eugenol-specific aroma was confimied in all of the cases in which the crude enzyme concentrates of two Aspergillus 

IS n/ger strains and Aspergillus fumigatus were used. 

[0162] In a case in which the crude enzyme concentrates were used after their heat-treatment (100'C, 10 minutes), 
the eugenol-specific aroma was not observed. Accordingly, It was found that these crude enzyme extracts have a 
function to release the aroma component aglycon from glycosides such as eugenyl primeveroside. 

20 Example 13 

Release of disaccharide from pNP-primeveroside by purified enzyme 

[0163] A 0.3 AU portion of the purified enzyme solution obtained in Example 6 and the aforementioned pNP-pri- 
25 meveroside were incubated at 37*C for 24 hours to examine release of disaccharide by TLC. As a result, a spot.was 
observed at the same position of primeverose so that release of a disaccharide was confirmed. Such a spot was not 
found by the heat-treated purified enzyme solution used as a control. Thus, it was revealed that the purified enzyme 
has a function to release a disaccharide from a disaccharide glycoside. 

30 Example 14 

Release of disaccharide and formation of aroma from eugenyl primeveroside by purified enzyme 
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[0164] A 0.3 AU portion of the purified enzyme solution obtained in Example 6 and the aforementioned pNP-pri- 
meveroside were incubated at 37'C for 24 hours to examine release of disaccharide by TLC. As a result, a spot was 
observed at the same position of primeverose so that release of a disaccharide was confirmed. In addition, when the 
reaction solution was analyzed by a gas chromatography, release of eugenol as the aglycon of eugenyl primeveroside 
glycoside wasconfinned, and the release of eugenol was also confirmed by a sensory test. These were not found in 
heat-inactivated enzyme solution. Thus, it was revealed that the purified enzyme forms aroma by acting upon an aroma 
40 precursor such as eugenyl primeveroside. 

Example 15 

Release of disaccharide from pigment glycoside 



45 



50 



[0165] Release of disaccharide was examined using a disaccharide glycoside, ruberythric acid, as the substrate. 
Ruberythric acid was prepared by adsorbing a water extract of Rubia tinctorum L root powder for staining use (available 
from Tanaka Senshoku Ten) to HP-20 column, washing the column with 50% methanol, and then eluting the compound 
with 100% methanol and evaporating the eluate to dryness using an evaporator A substrate prepared by dissolving 
the thus recovered ruberythric acid in a phosphate buffer to a concentration of 5 mg/ml was mixed with the crude 
enzyme solution (0.3 AU) shown in Example 4 or the purified enzyme solution shown in Example 6 and incubated at 
37°C for 24 hours, and then the reaction solution was analyzed by TLC. As a result, release of the disaccharide pri- 
meverose and the aglycon alizarin was observed by the crude enzyme solution and purified enzyme solution. 



55 



32 

BNSDOCID: <EP 11lB667AlJ_> 



EP 1 118 667 A1 



Example 1 6 

Hydrolysis of other disaccharide glycosides 

5 [0166] Using the diglycosidase preparations derived from various microorganisms shown in Example 5, their ability 
to hydrolyze various disaccharide glycosides was examined using TLC. As a result, it was revealed that the diglycosi- 
dase acts upon not only the primeveroslde glycosides but also various other disaccharide glycosides analogous to the 
primeveroslde glycosides, including rutlnose glycosides such as narlngin and rutin, gentiobiose glycosides, arabino- 
furanosyl glycosides and aviofuranosyl glycosides, and thereby releases disaccharides and produces respective free 

10 aglycons. 

Example 17 

Improvement of tea extract aroma 

75 

[0167] Using the Aspergillus fumigatus enzyme solutions shown in Examples 4 and 6, their function to increase 
aroma components of green tea, black tea and oolong tea was examined. Each tea extract was mixed with 1 .88 AU 
of the enzyme and Incubated at 55*C for 24 hours and then increase In the aroma was examined by a gas chroma- 
tography under the aforementioned conditions. As a result, it was found that aroma components such as 1-hexanol, 
20 3-hexen-1-ol, benzaldehyde, linalool, methyl salicyanate, geraniol and benzyl alcohol were increased. Increase in the 
aroma was also found by a sensory test. 

Example 1 8 

^5 Improvement of fruit juice aroma 

[0168] Using the Aspergillus fumigatus and Penicillium multicolor enzyme solutions shown in Examples 4 and 5, 
1 .88 AU of each of the enzyme was added to a fruit juice such as of grape, orange, apple, prune or nectar and incubated 
at 37'*C for 24 hours and then the aroma was analyzed by a gas chromatography. As a result, increase in the aroma 
30 components such as linalool was observed. Improvement of the aroma was also found in the enzyme-treated fruit 
Juices by a sensory test. 

Example 1 9 

35 Improvement of wine aroma 

[0169] Using the various crude enzyme solutions shown in Example 4, 0.5 AU of each enzyme was added to red 
wine and white wine and incubated at 37^C for 24 hours to examine improvement of the aroma by a sensory test. As 
a result', improvement of the aroma was found in both cases. 

40 

Example 20 

[0170] When 1 ml of each of the various crude enzyme concentrates obtained in Examples 4 and 5 was mixed with 
1 ml of a grape juice (commercial product: 100% fruit juice, concentrated and reduced) and then incubated at 37**C 
^5 overnight (14 hours) to examine the aroma, the aroma was clearly improved in comparison with a sample in which an 
acetate buffer was added instead of the enzyme preparation. In addition, this function was not found when the crude 
enzyme concentrate was heat-treated at 1 00*C for 1 0 minutes. 

Example 21 

50 

[0171] A 1 ml portion of each of the crude enzyme concentrates obtained in Example 4 was mixed with 1 ml of a 
commercially available orange juice (reduced concentrate) and incubated at 37*»C for 24 hours to examine formation 
of the aroma by a sensory test. As a result, improving effect of the aroma of the orange juice was found in the crude 
enzyme concentrates derived from the two Aspergillus n/ger strains and Aspergillus fumigatus. Such a function was 
55 not found when the crude enzyme concentrate was heat-treated (100®C. 10 minutes). 
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Example 22 

coliSse^" examination was carried out to find whether a sugar transfer in disaccharide unit is generated by digly- 

^^^!^^ .y^fo^^''^'?.'^ ^"^^""^ ^''^"'P'® ^ ""^^ "^""^^^ ^'^^ deionized water to adjust the activity to 1 0 AU/ml and 
acetonitnle (200 ml) containing 2.5% phenethyl alcohol. 20 mM acetate buffer (250 m) containing 10% primeverose 
and the enzyme solution (50 mI) were mixed to carry out the reaction at 55^C. The reaction was completed after 6 hours 
and the reaction solution was mixed with 500 ^1 of diethyl ether, stirred and then centrifuged to remove free aqlycon 
which was transferred into the ether layer By applying the water layer to a Diaion HP>20 column and passing purified 
water through the column, free primeverose was removed. The disaccharide glycoside adsorbed to the resin was eluted 
with methanol and concentrated to dryness. This was dissolved In 1 00 ^1 of deionized water, and a 20 ixl portion thereof 
was spotted on a TLC plate to detect the reaction product (the developing solvent was ethyl acetate :acetic acid deion- 

.^^f^^' ^ ^'^ ' ^""^^'"^ acid:methanol = 1 :4 solution was sprayed thereto after the development and allowed to stand 
at 105**C for 10 minutes). 

[0174] As a result, it was revealed that p-primeverosidase transfers the diglycoside to phenethyl alcohol and therebv 
forms a disaccharide glycoside. 

Industrial Applicability 

[0175] An enzyme having a function to cut p-primeveroside and/or analogous disaccharide glycoside in disaccharide 
unit or to hydrolyze modified glucosides can be provided by the invention as a novel enzyme using microorganisms 
as Its supply source, and it can be broadly used in various types of food, medicaments, quasi drugs and the like by 
using the enzyme composition of the invention . For example, the aroma, pigment and physiologically active component 
of food can be increased or decreased. 



30 



35 



40 



45 



50 



55 



34 

BNSDOCID:<EP niB667A1J > 



EP 1 118 667 A1 



10 



15 



20 



25 



SEQUENCE LISTING 
<110> Araano Pharmaceutical Co., Ltd. 

<120> Novel enzyme composition, production process therefor, 
and use thereof 

<130> P-32423 

<140> 
<141> 

<150> JP 10-294675 
<151> 1998-09-30 

<160> 16 

<17G> Patentin Ver. 2.0 

<210> 1 
<211> 22 
<212> PRT 

<213> Aspergillus fumigatus 
.<400> 1 

Ala Ala Ser Ala Ser Ala Tyr Cys Ser Asn Ser Ala Gly Asn Tyr Lys 
15 10 15 

30 Leu Ser Ser lie Ala Ala 

20 

<210> 2 

35 ,. <2^^> 22 . 

<212>>RT' 

<213> Aspergillus fumigatus 

<400> 2 

« Leu Met Thr Pro Ala Gly Ala Asn Phe Ala Leu Met Arg His Thr He 

15 10 15 

Gly Ala Ser Asp Leu Ser 
20 

45 

<210> 3 
<211> 28 
<212> ONA 
so <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
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<220> 

<221> modified base 
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<222> (14) 
<223> i 

<220> 

<221> modified base 
<222> (20) 
<223> i 

<400> 3 

acgaattcaa ywsngcnggn aaytayaa 28 

<210> 4 
<2n> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 



<220> 

<221> modified base 
<222> (17) 
" <223> i 

<220.> . 

<221> modified base 

<222> (23) 

^° <223> i 



<400> 4 

cggaattcta ytgywsnaay wsngcngg 28 

<210> 5 
<211> 28 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<220> 

45 <221> modified base 

<222> (17) 
<223> i 

<220> 

50 <221> modified base 

<222> (23) 
<223> i 

<400> 5 

55 tcaagcttgc raarttngcn ccngcngg 28 
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<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<220> 

<221> modified_base 
<222> (11) 
<223> i 

<220> 

<221> modified_base 
<222> (17) 
<223> i 

<400> 6 

agaagcttgc nccdatngtr tgnckcat 28 

<210> 7 
<211> 1401 
<212> DNA 

<213> Aspergillus fumigatus 
<400> 7 

gccgcctctg cttcggctta ctgttccaac tcggccggca actacaagct gtcctccatc 60 
gcagctccgg ttcaaggggc cggaaacccc ggctcggaat cgacctggca attgaccgtt 120 
gacgacactt cgtccggtca caaacagacg atagttgggt tcggtgctgc tgtcactgat 180 
gccacggtca cctcgttcaa cactttgtcc gcctccgtgc tgcaagactt gctcaataaa 240 
ctgatgacac ctgccggggc gaactttgct ttgatgcgac atactattgg ggcttcggat 300 
ctgtccggtg acccagccta cacgtdcgat gacaatggtg ggaaagcgga tccgtcactg 360 
tcgggattca acctggggga ccgcggaacg gctatggcca agatgttggc aacaatgaag 420 
tctctgcagc ccaacctcaa gatcctcggc tctccctgga gtgcaccagg atggatgaag 480 
ctgaacgggg tccttgatgg caatacgaac aacaacaact tgaacgatgg atacctaacc 540 
agtgggggaa ccggtagtac ggggtatgcc agtcaattcg cgcagtactt tgtcaagtac 600 
attcaggcct ataagaatct cggtgctcac gtcgacgcga ttaccatcca gaacgagccg 660 
ctgttcagct cagcgggcta tcccaccatg tatgtctacg attatgagtc ggcacagctg 720 
atccagaact acatcggccc cgctcttgcc agcgcggggc tagatacgga aatctgggct 780 
tatgaccaca acacagatgt cccgtcgtac ccccagactg tccttaacca ggccggtcag 840 
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tacgtcaagt cggtggcctg gcactgctac gctcccaacg tcgactggac cgtgctcagc 900 

cagttccaca acacaaaccc tggagtgaag caatatatga ccgagtgctg gactccagca 960 

tctggcgcat ggcatcaggc ggcggacttc accatgggtc ccctgcagaa ctgggcctcg 1020 

ggagtggcag catggactct gggaaccaac gctcaggatg gtccgcatct gtccactggc 1080 

ggctgcgcga catgtcaagg cttggtgacc atcaacaacg gaggatacac gctcaacacc 1140 

gcatactaca tgatggcgca attcagcaag ttcatgccgc ctggtgcgat tgtgctcaat 1200 

ggcagtggca gctacacgta ctctggcgga ggcggtatcc agtccgtggc ttccttgaat 1260 

cccgatggaa cccgcactgt ggttattgaa aacacttttg gcaatgatgt ctatgtgact 1320 

gtcactatga agagcgggca gaagtggagt gggaacgccc ctagccaatc cgtgactacc 1380 
tgggttcttc catctgcttg a 1401 

<210> 8 
<211> 466 
<212> PRT 

<213> Aspergillus fumigatus 
<400> 8 

Ala Ala Ser Ala Ser Ala Tyr Cys Ser Asn Ser Ala Gly Asn Tyr Lys 
1 5 10 15 

Leu Ser Ser lie Ala Ala Pro Val Gin Gly Ala Gly Asn Pro Gly Ser 
20 25 30 

Glu Ser Thr Trp 61 n Leu Thr Val Asp Asp Thr Ser Ser Gly His Lys 
35 40 45 

Gin Thr He Val Gly Phe Gly Ala Ala Val Thr Asp Ala Thr Val Thr 

50 55 60 

Ser Phe Asn Thr Leu Ser Ala Ser Val Leu Gin Asp Leu Leu Asn Lys 
65 70 75 BO 

Leu Met Thr Pro Ala Gly Ala Asn Phe Ala Leu Met Arg His Thr lie 
85 90 95 

Gly Ala Ser Asp Leu Ser Gly Asp Pro Ala Tyr Thr Tyr Asp Asp Asn 
100 105 110 

Gly Gly Lys Ala Asp Pro Ser Leu Ser Gly Phe Asn Leu Gly Asp Arg 
115 120 125 

Gly Thr Ala Met Ala Lys Met Leu Ala Thr Met Lys Ser Leu Gin Pro 
130 135 140 

Asn Leu Lys lie Leu Gly Ser Pro Trp Ser Ala Pro Gly Trp Met Lys 
145 150 155 160 
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Leu Asn Gly Val Leu Asp Gly Asn Thr Asn Asn Asn Asn Leu Asn Asp 
165 170 175 

Gly Tyr Leu Thr Ser Gly Gly Thr Gly Ser Thr Gly Tyr Ala Ser Gin 
180 IBS 190 

Phe Ala Gin Tyr Phe Val Lys Tyr He Gin Ala Tyr Lys Asn Leu Gly 
195 200 205 

Ala His Val Asp Ala lie Thr He Gin Asn Glu Pro Leu Phe Ser Ser 

210 215 220 

Ala Gly Tyr Pro Thr Met Tyr Val Tyr Asp Tyr Glu Ser Ala Gin Leu 
225 230 235 240 

He Gin Asn Tyr He Gly Pro Ala Leu Ala Ser Ala Gly Leu Asp Thr 
245 250 255 

Glu He Trp Ala Tyr Asp His Asn Thr Asp Val Pro Ser Tyr Pro Gin 
260 265 270 

Thr Val Leu Asn Gin Ala Gly Gin Tyr Val Lys Ser Val Ala Trp His 
275 280 285 

Cys Tyr -Ala Pro Asn Val Asp Trp Thr Val Leu Ser Gin Phe His Asn 
290 295 300 

Thr Asn Pro Gly Val Lys Gin Tyr Met Thr Glu Cys Trp Thr Pro Ala 
305 310 315 320 

Ser Gly Ala Trp His Gin Ala Ala Asp Phe Thr Met Gly Pro Leu Gin 
325 330 335 

Asn Trp Ala Ser Gly Val Ala Ala Trp Thr Leu Gly Thr Asn Ala Gin. 
340 345 350 

Asp Gly Pro His Leu Ser Thr Gly Gly Cys Ala Thr Cys Gin Gly Leu 
355 360 365 

Val Thr He Asn Asn Gly Gly Tyr Thr Leu Asn Thr Ala Tyr Tyr Met 
370 375 380 

Met Ala Gin Phe Ser Lys Phe Met Pro Pro Gly Ala He Val Leu Asn 
385 390 395 400 

Gly Ser Gly Ser Tyr Thr Tyr Ser Gly Gly Gly Gly He Gin Ser Val 
405 410 415 

Ala Ser Leu Asn Pro Asp Gly Thr Arg Thr Val Val He Glu Asn Thr 
420 425 430 

Phe Gly Asn Asp Val Tyr Val Thr Val Thr Met Lys Ser Gly Gin Lys 
435 440 445 
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Trp Ser Gly Asn Ala Pro Ser Gin Ser Val Thr Thr Trp Val Leu Pro 
450 455 450 

5 Ser Ala 

465 

<210> 9 
'0 <211> 1647 

<212> DNA 

<213> Aspergillus fumigatus 

<220> 
»5 <221> CDS 

<222> (54).. (1520) 

<220> 

<221> mat_peptide 
20 <222> (120).. (1520) 

<400> 9 

ggcgacacca gaaagcaacc aagagcaciga cacggactta tttctctttg aca atg 

M9t 



25 



35 



40 



45 



SO 



cgt ata tct gtc ggt get ctg ctt ggc ttg aca gcc ctg agt cat acc 
Arg lie -Ser Val Gly Ala Leu Leu Gly LeS Thr Ala llu Ser His Ala 
-20 -15 -10 



56 
104 



200 



248 



30 9?9 cga 9CC gcc tct get teg get tac tgt tec aac teg 152 

Thr Thr Glu Lys Arg Ala Aia Ser Ala Ser Ala Tyr Cys Ser Asn Ser 
-5 -11 5 TO 

gcc ggc aac tac aag ctg tec tec ate gca get ccg gtt caa gqq acc 
Ala Gly Asn Tyr Lys Leu Ser Ser He Ala Ala Pro Val Gin Gly Ala 

... 15. 20 25.. 

gga aac ccc ggc teg gaa teg acc tgg caa ttg acc gtt gac gac act 
Gly Asn Pro Gly Ser Glu Ser Thr Trp Gin Leu Thr Val Asp Asp Thr 
30 35 40 

teg tec ggt cac aaa cag acg ata gtt ggg ttc ggt get get gtc act 296 
Ser Ser Gly His Lys Gin Thr He Val Gly Phe Gly Ala Ala Val Thr 
45 50 55 

gat gcc acg gtc acc teg ttc aac act ttg tee gee tec gtg ctg caa 344 
Asp Ala Thr Val Thr Ser Phe Asn Thr Leu Ser Ala Ser Val Leu 61n 
60 65 70 75 

gac ttg etc aat aaa ctg atg aca ect gcc ggg gcg aac ttt get ttg 392 
Asp Leu Leu Asn Lys Leu Met Thr Pro Ala Gly Ala Asn Phe Ala Leu 
80 85 90 

atg cga cat act att ggg get teg gat ctg tee ggt gac cea gee tac 440 
Met Arg His Thr He Gly Ala Ser Asp Leu Ser Gly Asp Pro Ala Tyr 
55 95 100 105 
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acg tac gat gac aat ggt ggg aaa gcg gat ccg tea ctg teg gga ttc 488 
Thr Tyr Asp Asp Asn Gly Gly Lys Ala Asp Pro Ser Leu Ser Gly Phe 
110 115 120 

aac ctg ggg gac cgc gga acg get atg gcc aag atg ttg gca aca atg 536 
Asn Leu Gly Asp Arg Gly Thr Ala Met Ala Lys Met Leu Ala Thr Met 
125 130 135 

aag tct ctg cag ccc aac etc aag ate etc ggc tet ccc tgg agt gca 584 
Lys Ser Leu Gin Pro Asn Leu Lys He Leu Gly Ser Pro Trp Ser Ala 
140 145 150 155 

cca gga tgg atg aag ctg aac ggg gtc ctt gat ggc aat acg aac aac 632 
Pro Gly Trp Met Lys Leu Asn Gly Val Leu Asp Gly Asn Thr Asn Asn 
160 165 170 

aac aac ttg aac gat gga tac eta ace agt ggg gga acc ggt agt . acg 680 
Asn Asn Leu Asn Asp Gly Tyr Leu Thr Ser Gly Gly Thr Gly Ser Thr 
175 180 185 

ggg tat gcc agt caa ttc gcg eag tac ttt gtc aag tac att cag gcc 728 
Gly Tyr Ala Ser Gin Phe Ala Gin Tyr Phe Val Lys Tyr He Gin Ala 
190 195 200 

tat aag aat etc ggt get cac gtc gac gcg att ace ate eag aac gag 776 
Tyr Lys Asn Leu Gly Ala His Val Asp Ala He Thr He Gin Asn Glu 
205 210 215 

ccg ctg ttc age tea gcg ggc tat ccc acc atg tat gtc tac gat tat 824 
Pro Leu Phe Ser Ser Ala Gly Tyr Pro Thr Met Tyr Val Tyr Asp Tyr 

225 230 235 

gag teg gca cag ctg ate cag aac tac ate ggc ccc get ctt gcc age 872 
Glu Ser Ala Gin Leu He Gin Asn Tyr He Gly Pro Ala Leu Ala Ser 
240 245 250 

gcg ggg eta gat acg gaa ate tgg get tat gac cac aac aca gat gtc 920 
Ala Gly Leu Asp Thr Glu He Trp Ala Tyr Asp His Asn Thr Asp Val 
255 260 265 

ccg teg tac ccc cag act gtc ctt aac eag gcc ggt cag tac gtc aag 958 
Pro Ser Tyr Pro Gin Thr Val Leu Asn Gin Ala Gly Gin Tyr Val Lvs 
270 275 280 

teg gtg gcc tgg cac tgc tac get ccc aac gtc gac tgg acc gtg etc 1016 
Ser Val Ala Trp His Cys Tyr Ala Pro Asn Val Asp Trp Thr Val Leu 
285 290 295 

age cag ttc cac aac aca aac cet gga gtg aag caa tat atg acc gag 1064 
Ser Gin Phe His Asn Thr Asn Pro Gly Val Lys Gin Tyr Met Thr Glu 
300 305 310 315 

tgc tgg act cca gca tct ggc gca tgg cat cag gcg gcg gac ttc acc 1112 
Cys Trp Thr Pro Ala Ser Gly Ala Trp His Gin Ala Ala Asp Phe Thr ' 
55 320 325 330 
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atg ggt ccc ctg cag aac tgg gcc teg gga gtg gca gca tgq act eta 
Met Gly Pro Leu Gin Asn Trp Ala Ser Gly Val Ala Ala 1% Thr leu 
335 340 345 




1150 



5 




1208 



10 




1256 



25 



20 



IS 




14D0 



1352 



1304 



gtt att gaa aac act ttt ggc aat gat gtc tat gtg act gtc act atg 1448 
Val Ile Glu Asn Thr Phe Gly Asn Asp Val Tyr Val Thr Val Thr Met 
430 435 440 

aag age ggg cag aag tgg agt ggg aac gcc cct age caa tec gtg act 1496 
Lys Ser Gly Gin Lys Trp Ser Gly Asn Ala Pro Ser Gin Ser Val Thr 
445 450 455 

acc tgg gtt ctt cea tct get tga aaagagtgta gtttcagatg gttagatatg 1550 
Thr Trp Val Leu Pro Ser Ala 
460 465 

tattgaagag tagegcttgg agacatcaat agcctttttc taattacatg tcgtgcagct 1610 
tccaaaaaaa aaaaaaaaaa aaaaaaaaaa aactcga 1 647 



<210> 10 

<211> 488 

<212> PRT 

<213> Aspergillus fumigatus 

<400> 10 

Met Arg lie Ser Val Gly Ala Leu Leu Gly Leu Thr Ala Leu Ser His 
1 5 10 15 

Ala Thr Thr Glu Lys Arg Ala Ala Ser Ala Ser Ala Tyr Cys Ser Asn 
20 25 30 

Ser Ala Gly Asn Tyr Lys Leu Ser Ser lie Ala Ala Pro Val Gin Gly 
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Ala Gly Asn Pro Gly Ser Glu Ser Thr Trp Gin Leu Thr Val Asp Asp 
50 55 60 

Thr Ser Ser Gly His Lys Gin Thr He Val Gly Phe Gly Ala Ala Val 
65 70 75 80 

Thr Asp Ala Thr Val Thr Ser Phe Asn Thr Leu Ser Ala Ser Val Leu 
85 90 95 

Gin Asp Leu Leu Asn Lys Leu Met Thr Pro Ala Gly Ala Asn Phe Ala 
100 105 110 

Leu Met Arg His Thr He Gly Ala Ser Asp Leu Ser Gly Asp Pro Ala 

115 120 125 

Tyr Thr Tyr Asp Asp Asn Gly Gly Lys Ala Asp Pro Ser Leu Ser Gly 
130 135 140 . 

Phe Asn Leu Gly Asp Arg Gly Thr Ala Met Ala Lys Met Leu Ala Thr 
145 150 155 160 

Met Lys Ser Leu Gin Pro Asn Leu Lys He Leu Gly Ser Pro Trp Ser 
165 170 175 

Ala Pro Gly Trp Met Lys Leu Asn Gly Val Leu Asp Gly Asn Thr Asn 
180 185 190 

Asn Asn Asn Leu Asn Asp Gly Tyr Leu Thr Ser Gly Gly Thr Gly Ser 

195 200 205 

Thr Gly Tyr Ala Ser Gin Phe Ala Gin Tyr Phe Val Lys Tyr He 61n 
210 215 220 

Ala Tyr Lys Asn Leu Gly Ala His Val Asp Ala He Thr He Gin Asn 
225 : 230 235 240 

Glu Pro Leu Phe Ser Ser Ala Gly Tyr Pro Thr Met Tyr Val Tyr Asp 
245 250 255 

Tyr Glu Ser Ala Gin Leu He Gin Asn Tyr He Gly Pro Ala Leu Ala 
250 265 270 

Ser Ala Gly Leu Asp Thr Glu He Trp Ala Tyr Asp His Asn Thr Asp 
275 280 285 

Val Pro Ser Tyr Pro Gin Thr Val Leu Asn Gin Ala Gly Gin Tyr Val 
290 295 300 

Lys Ser Val Ala Trp His Cys Tyr Ala Pro Asn Val Asp Trp Thr Val 
305 310 315 320 

Leu Ser Gin Phe His Asn Thr Asn Pro Gly Val Lys Gin Tyr Met Thr 
325 330 335 

Glu Cys Trp Thr Pro Ala Ser Gly Ala Trp His Gin Ala Ala Asp Phe 
340 345 350 
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Thr Met Gly Pro Leu Gin Asn Trp Ala Ser Gly Val Ala Ala Trp Thr 
355 360 365 

5 

Leu Gly Thr Asri Ala Gin Asp Gly Pro His Leu Ser Thr Gly Gly Cys 
J/U 375 380 

Ala Thr Cys Gin Gly Leu Val Thr He Asn Asn Gly Gly Tyr Thr Leu 
'° •330 395 

Asn Thr Ala Tyr Tyr Met Met Ala Gin Phe Ser Lys Phe Met Pro Pro 



15 



405 410 ' 

Gly Ala He Val Leu Asn Gly Ser Gly Ser Tyr Thr Tyr Ser Gly Gly 
420 425 430 

Gly Gly lie Gin Ser Val Ala Ser Leu Asn Pro Asp Gly Thr Arg Thr 
435 440 445 

Val Val He Glu Asn Thr Phe Gly Asn Asp Val Tyr Val Thr Val Thr 
450 455 460 

Met Lys Ser Gly Gin Lys Trp Ser Gly Asn Ala Pro Ser Gin Ser Val 
25 465 470 475 480 

Thr Thr Trp Val Leu Pro Ser Ala 
485 
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<210> 11 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<4DD> n 

gggcctgcag gaattcatgg tgtt 24 



<21D> 12 
<211> 30 
<212> DNA 

"5 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Synthetic DNA 

50 <400> 12 

cgagccgggg tttccgtccg caggcgttgc 30 



55 



<210> 13 
<211> 30 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 13 

gcaacgcctg cggacggaaa ccccggctcg 30 



<210> 14 

<211> 30 

<212> DNA 

'5 <213> Artificial Sequence. 

<220> 

<223> Description of Artificial Sequence: Synthetic DNA 

^0 <400> 14 

gcgcaagctt ggaagctgca cgacatgtaa 30 

<210> 15 

^5 <211> 25 

<212> DNA 

<213> Artificial Sequence 



45 



<220> 

<223> Description of Artificial- Sequence: Synthetic DNA 
<400> 15 

gcgcaagctt tgaagggtgg agagt 25 

<210> 16 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 16 

gcgccctgca ggtctagaat tcctagtggt t 31 



so Claims 

1. A microorganism-derived enzyme having an activity to act upon a disaccharide glycoside to release saccharides 
from said disaccharide glycoside in disaccharide unit. 

55 2, The enzyme according to claim 1 , wherein said disaccharide glycoside is p-primeveroside and/or an analogous 

disaccharide glycoside. 

3. A polypeptide which comprises a polypeptide having the amino acid sequence of SEQ ID NO: 8 shown in the 
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5. 



Sequence Listing, wherein one or more amino acid residues of the amino acid ^Pnu^n.^^ ^^n-f ^ u ♦ . . 
oneof deletion add.ionJnsertlonandsubstitution,anda,sohavin^ 

to release sacchandes from said disaccharide glycoside in disaccharide unrt. ^'^acchande glycoside 

us' 1^^^^^^^ ' '""'"^ ^^^^^"^^ S ^h-n in the 

l^c?.^'p ^"r"!' ^,^'^^°°^9anism.derived polypeptide having an activity to act upon a disaccharide 

glycoside to release sacchandes from said disaccharide glycoside in disaccharide unit. 

1h?"' H^""'*"^^ T""^ "'•^T''^' ^ polynucleotide being selected from the following polynucleotides (a) to (g) 
and encoding a polypeptide having an activity to act upon a disaccharide glycoside to Release saccharides Trom 
said disaccharide glycoside in disaccharide unit; sacchandes from 

(a) a polynucleotide which encodes a polypeptide having the amino acid sequence of SEQ ID NO- 8 shown 
in the Sequence Listing, 

(b) a polynucleotide which encodes a polypeptide having the amino acid sequence of SEQ ID NO 8 shown 
in the Sequence Listing, wherein one or more amino acid residues of the amino acid sequence are modified 
by at least one of deletion, addition, insertion and substitution, 

(c) a polynucleotide which has the nucleotide sequence of SEQ ID NO: 7 shown in the Sequence Listing 

(d) a polynucleotide which has the nucleotide sequence of SEQ ID NO: 7 shown in the Sequence Listing 
wherein one or more bases of the nucleotide sequence are modified by at least one of deletion, addition' 
insertion and substitution, 

(e) a gene which hybridizes with any one of the aforementioned polynucleotides (a) to (d) under a strinqent 
condition, ^ 

(f) a polynucleotide which has homology with any one of the aforementioned polynucleotides (a) to (d) • and 

(g) a polynucleotide which is degenerate with respect to any one of the aforementioned polynucleotides (a) 
to (f). ' ^ ' 



condition. 



A polynucleotide which comprises a polynucleotide cording for a polypeptide having the amino acid sequence of 
SEQ ID NO: 8 shown in the Sequence Listing. 



8. A recombinant vector which contains the polynucleotide of any one of claims 5 to 7. 
55 9. A transformant transfomned with the recombinant vector of claim 8. 

10. A method for producing an enzyme having an activity to act upon a disaccharide glycoside to release saccharides 
from said disaccharide glycoside in disaccharide unit, which comprises culturing the transformant of claim 9 to 
effect production of the enzyme having an activity to act upon a disaccharide glycoside to release saccharides 
from said disaccharide glycoside in disaccharide unit, and subsequently collecting said enzyme from the resulting 
culture mixture. 

11. A method for producing an enzyme having an activity to act upon a disaccharide glycoside to release saccharides 
from said disaccharide glycoside in disaccharide unit, which comprises culturing a microorganism in a nutrient 
medium to effect production of the enzyme having an activity to act upon a disaccharide glycoside to release 
saccharides from said disaccharide glycoside in disaccharide unit, and subsequently collecting said enzyme from 
the resulting culture mixture. 

12. The production method according to claim 11 , wherein the microorganism is selected from the genus Aspergilfus, 
the genus Peniciltium, the genus Rhizopus, the genus Rhizomucor, the genus Tafaromyces, the genus Mortiereila, 
the genus Crypiococcus, the genus Microbacterium, the genus Corynebacterium and the genus Actinoplanes. 

1 3. The method for producing an enzyme having an activity to act upon a disaccharide glycoside to release saccharides 
from said disaccharide glycoside in disaccharide unit according to claim 1 0, 1 1 or 1 2, wherein the nutrient medium 
contains a substance which induces production of an enzyme having an action to release saccharides from a 
disaccharide glycoside in disaccharide unit. 

1 4. The method for producing a novel enzyme composition according to claim 13. wherein the inducer is a saccharide. 
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9 15. A method for modifying composition of a material containing a disaccharide glycoside, which comprises allowing 

an enzyme having an action to release saccharides from said disaccharide glycoside In disaccharide unit to react 
with said material. 

5 16. The modifying method according to claim 15, wherein said disaccharide glycoside is an aromatic component pre- 
cursor or a pigment component precursor. 

17. The modifying method according to claim 15, wherein said disaccharide glycoside is p-primeveroside and/or an 
analogous disaccharide glycoside. 



18. A method for modifying composition of a material containing a modified monoglucoside, which comprises allowing 
an enzyme having an action to release a modified monosaccharide unit from said modified monoglucoside to react 
with said material. 

19. The method of claim 18. wherein said modified monoglucoside is at least one member selected from the group 
consisting of acetylglucoside, malonytglucoside, methylglucoside, phosphoglucosdie, and amidoglucoside. 

20. The method of claim 19, wherein said modified monoglucoside is acetylglucoside of isoflavone, malonylglucoside 
of isoflavone, and both thereof. 
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